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PREFACE. 



It will be the effort of the writer in the foUowing 
pages to point out the peculiarities of material and con- 
struction involvedin the designing and building of " I ron 
Highway Bridges," in the hope that a dissemination of 
their scientific principies in a popular form, will bear 
fruit in a more thorough appreciation of a noble art, and 
in elevating the standard of requirements of this very 
important class of public works. The subject has been 
divided into two parts, each complete in itself ; the one 
general and descriptive, and the other analytical. The 
former is peculiarly intended to present to public com- 
mittees entrusted with the letting of bridge contracts 
such information as they ought to possess, while the 
latter is offered as an aid to engineers not experts in this 
branch of the profession, and yet who are often called 
upon to act as inspectora The second part develops the 
strains in the ordinary forms of beams and trusses in an 
elementary manner, the principie of the lever being 
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applied throughout, to understand which the simplest 
arithmetical attainments are alone necessaiy. 

Great stress is laid upon the "strength of joints," 
since the essence of good bridge-building lies in their 
proper design. A joint must be as strong as the parts 
it serves to connect ; as in a chain, wherein a defective 
link determines its strength, so in a bridge the absence 
of a necessaiy rivet would determine its strength. First- 
class bridge-builders recognize this relation as an axiom 
ot their art, and it is oftentimes simply from a conscientious 
application of this vital principie that engineers, in mak- 
ing tenders for work, find themselves underbid by 
ignorant or unscrupulous builders, who have no other 
ambition than that of getting work. Ordinarily, the 
cheapest proposal wins the day, simply because to the 
average committeeman one iron bridge is as good as 
an other, no matter from what source its plan emanates. 
To such a man, diíference in price has no other meaning 
than that of being a measure of the relative greed of con- 
tractors, and he does not realize that there exist 
precisely the same reasons for large variations of price 
in iron bridges as for the difference in price between the 
lowest grades of shoddy and carefuUy woven goods.' 
That the wisdom of such a committeeman is evidenced 
by a remarkable freedom from bridge accidents through- 
out the country is no defence for the purchase of the 
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cheapest bridge, simply because it is a matter of exceed- 
ingly rare occurrence that a bridge is subjected to any 
thing near the load it ought to cariy safely. The scat- 
tered travel of foot-passengers, or the uncrowded teams 
on the roadway do not test a bridge, and yet that is the 
usual condition of travel, particulariy in country districts. 
Occasionally, circumstances arise when a bridge may 
become crowded, as was the case at Dixon, IlL, when, on 
a quiet Sunday afternoon, a Truesdell bridge fell with a 
horrible crash, killing and vvounding many of the citizens 
who had congregated on that ill-fated structure to wit- 
ness some unaccustomed, and therefore crowd-coUecting, 
sight. The same stoiy would be repeated throughout 
the land, were our ordinary highway bridges subjected 
to similar loading ; and it behooves all upon whom the 
responsibility of buying iron bridges rests to weigh well 
that responsibility, and not to be deeeived with the idea 
that their duty to their constituents requires them to 
erect the cheapest structure offered. There is, however, 
considerable difference in price for good bridges, and a 
good substantial bridge can be built under any of the 
well-recognized types of trusses. Some designs require 
less material than others, and the proportion of parts 
relating to general forms, such as depth of trusses, panel 
lengths, etc., still further affects the amount of material 
required. Two iron bridges may be built on the same 
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general design, and they may have the same amount of 
metal in each, and yet one bridge is better than the 
other, just in proportion as the workmanship, the mate- 
rial, and design of the joints are better. In fact, these 
elements may be so poor in the second bridge as to 
make it positively unsafe to use, and yet to the inexperi- 

enced eye one bridge may seem almost the counterpart 

» 

of the other. If this book does nothing more than 
bring a realizing sense of the above facts home to those 
public ofñcers on whom the responsibility of carrying 
out public improvements usually rests, the writer will 
feel abundantly compensated for his labors, for he feels 
well aware that if this advance in oflicial sentiment is 
once attained, the next step of progress will certainly 
follow — namely, the employment of experts to prepare 
well-defined specifications, and see that they are properly 
carried out. 



PART I. 

GENERAL AND DESCRIPTIVE. 

The essential elements of a good bridge consist in so 
applying the materials of construction to ^ given design 
as to have all parts of the work equally strong under the 
máximum loads that can ever come upon it, and that 
a proper relation, called the " factor of safety," should 
exist between the máximum loading and the strength of 
the structure. The term, factor of safety, as usually 
applied, means the number of times that the máximum 
load should be increased in order to break down a given 
structure, a ratio that varíes very greatly in most Amer- 
ican highway bridges, particularly in the " cheap ones." 
This conception of the term, however, is apt to be mis- 
leading, since it refers to ultímate strength, and not to 
the limit of effective strength, which last involves the 
idea of elasticity. The elasticity of any material is sim- 
ply its recovering power from the distortion produced 
by the action of a forcé, as illustrated in the case of a 
rubber ball under the pressure of the hand. All mate- 
rials are more or less elastic, and experiments have 
shown that if this elasticity is not impaired, they are not 
injured for use. The strain at which the recovering 
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power of a material is destroyed is called its limit of 
elasticity, which, when once exceeded, final rupture is 
simply a question of time. The true measure of valué, 
therefore, of a material is its elastic limit, and the real 
factor of safety is from one half to one third the valúes 
employed when the factor is referred to breaking 
strength, since (so far as bridge material is concerned) 
about that proportion exists between the forcé necessary 
to attain the elastic limit and that which produces final 
rupture. 

When we speak of a factor of six, in the ordinary ac- 
ceptation of the term, it must not be understood that a 
given structure can be destroyed only when it is loaded 
with six times the load for which it has been propor- 
tioned. While it may not absolutely break down until that 
loading is reached, its valué as a structure is impaired the 
moment the material commences to be strained beyond 
its elastic limit, which may be the case with only double 
the extreme load which it has been proportioned to car- 
ry. Custom, however, has so long made use of this term, 
"factor of safety," with reference to ultímate strength, 
that in order to avoid confusión it will be used in 
that sense throughout the foUowing pages, and if only 
the preceding explanation is kept in view, it makes no 
diíference how the factor is expressed. Factors of 
safety usually range from four to six, the most common 
one being five, and it is good practice to design a bridge 
with two or more factors, particularly in long spans, for 
the reason that certain parts can only be strained 
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fuUy under the extreme conditions of loading (of veiy 

rare occurrence), while others are brought under their 

full work almost daily, as can readily be appreciated 

when the subject of loads on bridges is considered. 

The unit of intensity of a strain is expressed in 

pounds or tons, and the unit o f área over which a strain 

acts is usually taken at one square inch, and in these 

units of pounds or tons per square inch, the factor of 

safety is applied. It has been before stated that material 

was uninjured when not strained beyond its elastic limit, 

and it might seem at first sight that the factor would be 

determined by dividing the ultimate strength by the 

elastic limit Thus supposing an iron bar that took 

6o,ocx5 Ibs. per square inch to tear it apart lost its elas- 

ticity just beyond a strain of 20,000 Ibs. per square inch, 

the apparent factor that should be used would be 

60000 

— '- — = -5, or, in other words, the bar migfht be sub- 

20,000 ^ ^ 

jected to a working strain of 20,000 Ibs. per square inch. 

This, however, would be a dangerous^ practice, since an 

allowance must be made for the imperfections of work- 

manship and material attending all human productions, 

as well as for endurance under the repeated application 

of moving loads. This allowance, experiment has shown, 

should be not less than one third greater than is expressed 

by the ratio of the ultimate strength to the limit of per- 

fect elasticity. Applying this principie to the case illus- 

trated, the factor of safety would become 4 instead of 3, 

and the working strain on the iron would be 15,000 Ibs. 

per square inch, instead of 20,000 Ibs. 
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The loads to which bridges are subjected, in addi- 
tion to their own weight, are of two kinds : that pro- 
duced by a uniform loading extending over the whole 
área of the structure, and that produced by a local con- 
centration of weight, such as may be produced by heavy 
stone and timber wagons, or the transport of boilers 
and machinery. The effect of any loading upon a 
bridge is further dependent on the span, for the longer 
the span, the greater is the fixed or dead weight, and 
therefore the less is the shock from passing loads felt. 
From this it foUows that short spans should either have 
a higher factor of safety than long spans, or else they 
should be proportioned for much heavier loads. In 
the United States, short-span bridges are seldom built 
heavy enough, while, on the other hand, long-span 
bridges, say of 1 50 feet and over, are frequently made 
needlessly so, involving in consequence a useless ex- 
pen diture. 

The circumstances of location must be veiy care- 
fuUy considered, since it is apparent that a bridge lo- 
cated in a country district, subject simply to the pas- 
sage of occasional loads, can never be strained like a 
bridge in a populous community, which may be called 
upon to bear the incessant traffic of a city, with its pro- 
cessions, and often the reckless haste of a fire service. 
Excepting in general terms, engineers are by no means 
agreed as to the exact loading for which highway 
bridges under different circumstances should be pro- 
portioned. The usual standard is to consider a span 
crowded with people, which experiments have shown 
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to vary within wide limits, depending on the density 
with which a given surface is packed, and the weight 
of the individuáis with whom the experiments were 
made. No probable contingency, however, will pack a 
crowd so as to bring a heavier weight than seventy-five 
or eighty pounds per square foot for a general load, and 
for local loads it is well to bear in mind that steam 
road-roUers, weighing fifteen tons on an área of sixty 
square feet, are being introduced in many suburban 
towns, for the compacting of Telford pavement * The 
foUowing table, being substantially the same as was re* 
commended by a committee of bridge experts in a re- 
port to the American Society of Civil Engineers, will 
be found useful in preparing specifications for road 
bridges, as it gives a safe and economical loading for all 
circumstances under which bridges are usually built : 





I. 


II. 


III. 




Pounds Per Square Foot. 




For city and 


For towns and 


Ordinary coun- 


Span. 


other bridges 


villages, and 


try bridges — 




where travel 


districts hav- 


travel infre- 




is heavy«and 


ing well -bal - 


quent and 




frequeni. 


lasted roads. 


loads light. 


60 feet and under. 


100 Ibs. 


100 Ibs. 


75 Ibs. 


60 feet to 100 


90 


75 


66 


100 feet to 150 


80 


66 


50 


150 feet to 200 


70 


60 


50 


200 feet to 300 


66 


50 


40 


300 feet to 400 


60 


50 


35 



* An Aveling & Porter road-roller has fifteen tons on four wheels or 
rollers, each having a width of twenty inches. A roller used in England, 
made by the same parties, weighs thirty tons, nineteen of which are on two 
drivers, the width of each driver being thirty inches. 
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The propery2i?¿?r strength for all spans may be ob- 
tained by considering the loads on each pair of wheels, 
for each roadway, and this load on bridges of the first 
class may be taken at from four to five tons, on bridges 
of the second class three to four tons, and on ordinary 
country bridges two to three tons. This provisión for 
local loads may seem extreme to many, but the jar 
and jolt of heavy springless loads comes directly on all 
parts of the flooring, at successive intervals, and ad- 
monishes us that any errors made should be on the safe 
side. 

From the above consideration of local loads on 
wheels, it foUows that the cross floor-beams of a bridge 
are required to be of the same size and carrying capa- 
city, whether cióse together or far apart, being strained 
alike in any case. The longitudinal stringers, on the other 
hand, while increasing in size for the same loads as the 
floor-beams are spread farther and farther apart, are 
independent of their distance from each other. String- 
ers must be of the same strength, whether spaced two 
or four feet apart, since any stringer may support un- 
aided a wheel load midway between its bearings. If the 
wheel loads are assumed to be as high as has just been 
recommended, a factor of safety of four will be ampie for 
the floor-beams and stringers, since the possibility of 
such loads coming upon them is veiy remote. 
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MATERIALS OF CONSTRUCTION. 

In all structures aífecting the daily concems of life, 
to the strength of which thousands of human beings in- 
trust their safety, the materials composing them must 
always be a subject of deep interest, and therefore it is 
of vital importance to disseminate as widely as possible 
a correct knowledge of their physical characteristics. 
And in this " Iron Age " upon which we are enter- 
ing, much will be accomplished when the community 
realizes that in regard to tron at least, a " little know- 
ledge is a dangerous thing," an aphorism applying with 
peculiar forcé to bridge-constructions. The first lesson 
to be leamed is, that iron is a material, the qualities of 
which are as variable as the diíferent localities of its 
production, and therefore that an iron bar is not neces- 
sarily as good if made in one place as another, sim- 
ply because it is iron. Iron may be very good or 
very bad, or it may have all intermedíate degrees of 
quality, and yet, to an untraihed eye, a sample of the 
two extremes would seem to be precisely alike. It 
must be understood that iron is a material the most 
sensitive to treatment known in the constructive arts. 
The least, and often infinitesimal variation in the fuel, 
ores, and working, will result in many variations of 
quality, and all are more or less useful for some purpose 
or other. It will be the eífort of the writer, in as clear 
and untechnical language as he can command, to point 
out the leading characteristics of this metal, particularly 
in its application to bridge purposes, and he will be 
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abundantly satisfied if altention other than professional 
is awakened to the responsibility attending its selection 
and use. 

Starting then from the ore, which is simply the 
puré metal combined with different degrees of earthy 
impurities, we have, as the first result of the contact of 
the ore with the fuel, the product from the blast-fur- 
nace called pig-iron, which commercially has different 
grades, numbered 1,2, 3, 4, etc., all produced through 
different proportions of the fuel used, the tem- 
perature, volume, and pressure of the blast in a given 
time. 

The low numbers are always the most expensive to 
produce, and are used for foundry purposes, and are 
known as " foundry pig," while the high numbers are 
converted into wrought-iron through the médium of 
the puddling-furnace, and are called " forge-pig." The 
foundry irons are often termed grey irons, and the forge- 
pig, white iron, Pig-irofi (disregarding impurities al- 
ways present) is essentially a combination of carbón 
and metallic iron, which combination is partly chem- 
ical and partly mechanical. Foundry pig-iron may 
be recognized by its softness, and, when freshly bro- 
ken, by its presenting a fracture of an open, crystal- 
line texture, and of a dull grey color. Forge-pig is 
hard and fine grained, generally presenting a white- 
appearing fracture, and at other times a mottled one. 
The former ñows readily in the moulds of the foundry, 
being very fluid when melted, while the latter, which 
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melts at a lower temperature, is somewhat pasty and 
flows in a sluggish stream. The operation of produc- 
ing wrought-iron is simply the extraction from pig- 
iron of the carbón and other impurities, by means of 
the flame in a reverberatory-fumace, and stirring the 
charge of melted metal with iron bars, in order to ex- 
pose every particle to the action of the oxygen of the 
air, which, combining with the carbón, passes oíf up the 
chimney as a gaseous product. The chemical operation 
thus performed is called decarburizing, which, were it 
possible to perfectly accomplish, and did the pig-iron 
contain no impurities, would result in puré metallic 
iron, which would be always alike in quality and cha- 
racteristics in all parts of the world. This, however, is 
never the case, and there results exceedingly wide varia- 
tions in the product of the puddling-fumace. Pig iron, 
like its namesake, who would not be driven to market, 
must be humored, and so metallurgists, accepting the 
situation, have endeavored to regúlate the quality of 
their iron by a judicious mixture of neutralizing tenden- 
cies. In this they have been entirely successful, and all 
that an engineer has to do, is to say just what he wants 
his iron to withstand, and the service to which it is to 
be put, and he can have a grade of metal proper for 
such uses made to order. As is the quality of the pig- 
iron, so is that of the puddled product, which leaves the 
fumace as a loóse, spongy-looking mass, called a " pud- 
dle-ball," still impure with cinder and slag. The next 
process is to consolídate the ball, and forcé out the im- 
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purities which are mechanically combined in the inter- 
stices of the spongy mass. This is done by hammering, 
or more usually by a machine called a squeezer, which, 
as its ñame implies, squeezes out the scorise, cinder and 
slag. The ball has now taken another shape, being Con- 
solidated into an elongated mass, of such form as to en- 
able a still further compacting of its particles through 
the médium of the first set of roUs, called the roughing- 
roUs, to which the ball is immediately taken from the 
squeezer. The iron, after being passed through these 
roUs several times, becomes what is called a " puddled 
bar," and in appearance looks like a very rough and 
jagged-edged bar of flat iron about 15 feet long, and 
some 7X2 inches in section. At some milis these bars 
are called muck-bars. They are then cut up into short 
lengths, and made up into " piles," according to the 
shaped bar it is desired to make. The piles are heated 
in a heating-furnace, and when at a white heat are taken 
out, and passed baclc and forth through the finishing 
roUs, from which their marketable or commercial shape 
is derived. This is called best iron, and is the degree of 
refinement sold by manufacturers, when simply so many 
tons of iron are ordered. If made from good stock — 
that is, well-selected pig-iron — such iron answers every 
requirement for ordinaiy purposes. But for a bridge, it 
is often required that this best iron should be again cut, 
piled, heated, and roUed into new bars, which process, 
while it does not change the quality of the iron in the 
least, still further refines it, and makes it more uniform 
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in character, although, as may naturally be supposed, the 
cost of the iron is increased from ten to fifteen dol- 
íais per ton. This iron is known as " Best Best " iron. 
Uniformity of material is of very great importance in 
bridge-building — that is, if parties desire their bridges to 
be as strong in one part as another ; and from what has 
preceded, it will be at once seen that this desirable end 
can not be obtained by open purchases in the market — 
that is to say, buying some bars here, and others there, 
wherever the different sizes can be obtained the cheap- 
est. The temptation to such a manner of purchasing 
is great, in times of cióse competition among bridge- 
builders, particularly when, in nine cases out of ten, the 
successful bidder is such simply from being the lowest 
in price. We come now to speak of the distinctive 
physical properties of iron, and firstly of 

WROUGHT-IRON. 

Take a number of miscellaneous bars of best mer- 
chant iron, fracture them short oíf, and there will be ex- 
hibited probably as many different appearances of the 
fracture as there are bars. Some specimens will present 
coarse crystals, whitish in color, others very fine ones, of 
a dark gray appearance, in some lights almost black, 
and in others lustrous like satin. Some specimens, 
again, may expose a fracture wherein coarse crystals are 
mingled with fine. Now, what does all this express? It 
tells the expert that one iron is poor in quality, that it is 
hard, brittle, or weak, while he reads the second fracture 
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exactly the reverse, and as that of an iron on which de- 
pendence can be placed for all purposes where strengtfci 
is required. The specimen showing a combination of 
large and small ciystals, means that the iron is not uni- 
form in quality, and that it needed further refinement. A 
fractured bar tells most eveiy thing about the quality of 
iron, except that of uniformity, and it exhibits this at 
times, as in the case above illustrated. It so happened, 
in the assumed exposure of fracture, that the bar was 
broken at a point where it lacked uniformity, but if 
broken a few inches either side of this point, it might 
not have shown any coarse crystals. Good iron that has 
been insufficiently refined does not show its lack of uni- 
formity throughout the whole length of a given bar, but 
in spots more or less frequent, and it is simply a matter 
of chance if one of these raw spots, as they are some- 
times called, occurs at the point of fracture. If, now, in- 
stead of breaking the bars off short, we slightly nick 
them on one side and expose them to modérate blows, 
so as not to bend them too rapidly, fibre will be devel- 
oped in the iron of good quality, while the poor coarse 
crystal iron may snap off short again, after very few 
blows. The higher the quality of the iron, or the nearer 
it approaches purity, the more soft and silky will be the 
exposed fibre. The phenomenon of fibre can be readily 
understood, when it is remembered that all iron, whether 
puré, good, bad or indifferent, is built up, as it were, from 
crystals, which crystals have different degrees of fineness, 
depending upon impurities and the mechanical manipu- 
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lations during th^ diíferent stages of conversión from pig 
iron to the refined bar. The process of roUing develops 
fibre by elongating these crystals, so that a bar of roUed 
iron may be likened to a bundle of metallic threads of dif- 
ferent degrees of fineness, according to the number of 
times the iron from which the bar has been produced 
has been put through the roUs. It is the ends of such 
threads that one observes when a bar is suddenly broken 
off short, looking as previously described, but when the 
bar is slowly broken, the threads, having time to arrange 
themselves in a new position, draw out past each other 
and expose fibre. It foUows from what has preceded 
that great judgment must be exercised in criticising the 
quality of iron from its fracture, for crystalline fracture 
does not in itself indicate poor iron, ñor does a fibrous 
one good iron. However, if care is taken to fracture 
the bar to be tested, under diíferent circumstances, a fair 
idea can be formed of its quality and fitness for special 
purposes. Another method of reading the quality of 
iron is known as the cold-bend test, which requires no 
expert knowledge to understand. It consists in simply 
bending unnicked the bar under examination, by repeat- 
ed blows from a heavy sledge-hammer, o ver the córner 
of án anvil or its equivalent, until the two sides approach 
each other within a distance equal to the thickness of 
the bar. If the iron stands this treatment without show- 
ing any signs of fracture on the back of the bend, it can 
be rated as of the veiy best quality, possessing all the re- 
quirements for bridge purposes — ^namely, toughness, duc- 
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tility, and elasticity. This test, of course, can not show 
uniformity, that being a matter depending on the num- 
ber of workings as before explained, and independent of 
quality. The cold-bend test is severer on a square or flat 
bar than a round one, inasmuch as the fibres are very ir- 
regularly drawn out, being very much strained at the 
comers. Some very high-grade iron will even stand the 
cold-bend test where a screw-thread has been cut upon 
it, which is equivalent to numerous nickings. 

The annexed cut represents the appearance of a 
flat and of a round bar after the cold-bend test. 

FIG. I. 

FIG. 2. 





COLD-BEND TEST. 



It was explained, under the head of the Factor 
of Safety, that the elasticity of a material was simply 
its recovering power after the removal of an extra- 
neous forcé, and that so long as the limit of its 
recovering power was not exceeded, no injury accrued 
to the material. This limit of elasticity varíes consider- 
ably in the diíferent grades of iron, and generally has 
a valué about half the ultímate strength of the iron. 
After the limit is exceeded, permanent set occurs, 
and the valué of the bar is destroyed. It is probable 
that a certain amount of permanent set takes place in 
iron even under the application of very light loads, say 
of two or three tons per square inch, but it is so inap- 
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preciably small, being detected only by the most refined 
measurements, that it need not be considered in practice. 

The usual method of testing a bar for its elastic limit, 
is to fasten to one end of the testing-machine, or to the bar 
itself, cióse to the point at which it is grappled,a rod or bar 
free to move at the other end, to which free end is attach- 
ed an index-point Before the strain is applied, the test- 
bar is scratched under this index, which mark, after the bar 
is put under strain, will gradually move past the stationary 
index, and if the strain has not exceeded the elastic limit 
of the bar so soon as it is removed, the mark will re- 
tum to its former position under the index. Successive 
applications and remováis of the strain are required usu- 
ally to determine the elastic limit, else it might be un- 
wittingly passed under a continually increasing power. 
After becoming satisfied as to the elastic qualities of the 
bar, a final application of the strain can be made in order 
to tear the bar in two, care being taken to note how 
much it stretches before final rupture. This process of 
stretching to rupture, exhibits not only the ductility of 
the iron, but also the degree of uniformity, shown by a 
greater or less inequality in the amount of stretching at 
different portions of the bar. 

The beauty of the cold-bend test is, that it shows simply 
and inexpensively the same qualities (e:?ícepting unifor- 
mity) that the testing apparatus measures in pounds and 
inches, and for practical purposes nothing else is needed. 
The result of many thousands of experiments on Am- 
erican irons shows that for bridge purposes, bar-iron 
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should Stand at least 5o,chdo Ibs. per square mch before 
rupture, should have an elastic limit not less than 20,cxx> 
Ibs. per square inch, and should elongate at least twelve 
per cent of its length (or i^ inches to the foot), before 
ultímate strength is reached. Most of the first-class 
bridge-builders use a higher grade iron than the above, 
which is given simply as a minimum quality for high- 
way-bridges, easily attainable. Angle-iron and plate- 
iron, as usually applied, are from ten to fifteen per cent 
weaker than good bars, and, therefore, bridges built from 
such irons should have proportionately just so much 
excess of metal over bridges built from bars, a require- 
ment that the buyers of iron bridges, in this country at 
least, have not . as yet learned to insist upon. Before 
passing from this subject, it should be remarked that the 
tables of strength of wrought-iron are based upon exper- 
iments made on small bars, having cross-sectional áreas 
of about one inch. Large bars will not show the same 
ultimate strength that small ones do, of the same make, 
a fact that must be borne in mind when specifications 
are being prepared. For example, the same iron in a 
bar having one inch área may require a strain equiva- 
lent to 10,000 Ibs. per square inch to rupture it, in excess 
of that required when formed in a bar having an área 
of four or five inches. Until a comparatively recent date, 
no attention was paid to the effect of the form of the 
specimen to be tested. Test specimens are simply short 
pietes of iron, three or more inches long, the middle of 
which is grooved down to exact gauge, and which be- 
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comes the área to which the breaking strain is referred. 
The character of the grooving, whether long or short, 
affects, in a marked degree, the result of a test If 
the groove is a short one, the ¡ron will break at a 
much higher strain per square inch thaii if it had been 
long, and this result is due to the fact that a free stretch- 
ing of the fibres is prevented by the reinforcement de- 
rived from the metal contiguous to the ruptured section 
of the short-grooved specimen. This difference, due 
solely to the preparation of the specimen, will amount 
in some cases to as much as fifty per cent. The expla- 
nation of this apparent anomaly in the strength of iron 
may be made still clearer by an in- 

^ •' FIG. a. FIG. I. 

spection of the cut, where Fig. i re- 
presents a long-grooved specimen, and 
Fig. 2 a short-grooved one. The shoul- 
ders at either end are formed for the 
grappling-irons of the testing-machine. . 
There are two terms continually 
met with among iron-workers — name- 
ly, redshort and coldshori iron, which 
it may be advisable to explain. The 
peculiarity of the fornier is, that short and long 
while very strong and tough when '""^'"'^'' specimens. 
cold, it is difficult to work in the forge except under 
very high heats, otherwise it will crumble and waste, 
and for this cause has received the enmity of smiths. 
On the other hand, cold-short iron is brittle when cold, 
and absolutely unsafe to use where life depends upon its 
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integrity. The smith likes to use it, since it works and 
welds readily in the forge at low heats. The best manu- 
facturéis aim to ha ve a neutral product, which, if it has 
any tendency at all, is on the side of red shortness. 

Cast'tron in bridge-building is so little used at the 
present day, except in the form of bearing-blocks, poet- 
caps and bases, or washers, that little need be said about 
it. In its very nature, it is a brittle material, and even 
while apparently doing good service, may be dangerous- 
ly near failure. It has an irregular elasticity, and in cold 
climates it has been known to fracture through the 
freezing of water that had found its way into unpro- 
tected cavities. In the form of long columns, it is of 
course very inferior to wrought-iron. Such columns are 
exposed to cross strains, and have a tendency to fail by 
bending and not by crushing. Tensión in some part 
always accompanies a cross strain, to resist which cast- 
iron is a very uncertain material. Castings may have 
initial strains through unequal cooling, or they may be 
thinner on one side than another, or they may be weak 
through concealed holes, " cold shuts," or cinder. No 
human foresight can remove these risks ; and especially 
in bridge-building is it important to reduce all risks to a 
minimum, and for this reason, if for no other, cast-iron 
should be discarded for such purposes, except in those 
places where it would be very expensive to forge wrought- 
iron, places where none other than a direct crushing 
strain can ever occur, as previously instanced. The iron 
from which castings are made should be selected with 
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great care, and it should have sufficient meltings, 2 to 4, 
before being put into its final shape. Such castings, 
when broken, should presentía fine-grained grayish frac- 
ture, and their skin should be generally smooth, but not 
smooth like stove-plate castings, as such iron is veiy un- 
suitable where strength is desired. Stove-plate cast- 
ings must be made from a veiy fluid iron, one that runs 
thin, and sharply filis the moulds, and such irons are 
very weak. Ordnance iron, with a tensile strength oc- 
cásionally equal to that of inferior wrought-iron, is the 
best cast-iron possible to have, but it is expensive, and 
rarely used on that account. Such a grade of iron, how- 
ever, should always be insisted upon where bridges are 
permitted to be built having cast-iron top chords and 
posts. 

TIMBER. 

Whatever modesty is shown through conscious 
ignorance in criticising iron and its fabrication, it 
quickly disappears when the question of timber is un- 
der consideration, almost every one being positive as to 
what is good timber, and very frequently unreasonable 
exactions are imposed. The main trouble that arises, in 
the execution of contracts, arises from the interpretation 
given to the term merchantable, an expression some- 
what vague, without other limitations. AU bridge-timber 
should be sound — ^that is, free from loóse or black knots, 
heart-cracks, and wind-shakes, and it should not be cut 
from logs obtained from dead trees. Seasoned timber. 
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especially when it has been exposed to the direct rays of 
the sun dunng the process of seasoning, is apt to have 
more or less cracks, called sieason-cracks, which must not 
be confounded with heart-cracks and shakes. They can 
be distinguished from each other from the fact that the 
cracks due to seasoning are sharp, while those due to 
shakes are splintery — the splinters, in many cases, being 
easily torn off. Well-seasoned timber wears much 
longer than green timber; but since bridge-plank is 
seldom, if ever, kept in stock, and since public works 
rarely have their needs anticipated, lumber is almost al- 
ways procured fresh from the milis. The durability of 
timber would be very much enhanced if kept soaking in 
water for a few months after it is cut into plank, 
after which seasoning proceeds very rapidly, the water 
having acted as a solvent in ridding the pores, to a great 
extent, of sap and nitrogeneous matter, the decaying 
elements of wood. Sap-wood — that is, the wood newest 
made and next the bark — is not desirable, as it will wear 
away faster and decay sooner than the heart-wood, but 
practically it is impossible to obtain timber of any size 
and in large quantities entirely free from it, unless at a 
very great increase of cost. Sap-wood may be recog- 
nized as being lighter in color, softer, and of more open 
fibre than the heart-wood. Timber is regarded as mer- 
chantable when it has not more than three sappy cor- 
ners, although some inspectors do not permit of more 
than two ; but as bridge-plank usual ly wear out before 
they rot out, a latitude can with propriety be observed 
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here, and the plank laid with the sap corners down, 
thus : ^^^^^^^ the dark portion representing the 
sap-wood. Wane or bark edges are veiy apt to occur 
in otherwise first-class sound timber, but should not in- 
sure condemnation if only on one comer, if the plank can 
be laid with that comer down. If on two under corners, 
the plank would be next to the slab (or outside cut), 
and therefore almost all sap-wood, and should not be 
permitted to pass by the inspector. For stringer tim- 
bers, inspection ought to be somewhat more rigid than 
for floor-plank, but guided by the same common-sense 
principies, and the farther consideration, how much sur- 
plus strength the stringers possess. The kinds of lum- 
ber used are mostly oak and pine, both white and yel- 
low ; to these may be added, for plank purposes, beech, 
birch, and maple, and occasionally spmce, when two 
courses of plank are used, the upper one being of hard 
wood All things being considered, the writer prefers 
close-grained yellow pine for floor-planks, it being much 
less expensive than a proper quality of oak, and besides 
less slippery for horses in frosty weather. As to artifi- 
cial means for preserving timber, a number of processes 
have been tried with success. The various methods of 
creosoting and bumetizing are the more common in use. 
The city of Boston required the latter process to be 
applied to sprace plank in some bridges recently built, 
as one eminently effective and cheap. Any process 
used, unless thoroughly well done — that is, unless all the 
pores and cells dn^filledwxXh the preservative material — is 
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even detrimental, since in such cases diy rot inevital:>l3?' 
sets in at an early day. 

KINDS OF BRIDGES. 

The various kinds of bridges ordinarily met with 
may be classed under one of four heads, namely, the 
plain beam or girder, the beam truss, the suspensión 
truss, and the arch truss or bowstring. The first class 
needs no explanation. The second form includes all 
trusses where both top and bottom chords are absolutely 
essential, while the third embraces those trusses wherein 
only the upper chord is essential. The bowstring ispro- 
perly not a truss at all, but simply an arch wherein the 
horizontal tie takes the place of fixed abutments. The 
office of all girders, whether plain or trussed, is to trans- 
mit weight to the points of support, which action de- 
velops two classes of strains, namely, horizontal and 
vertical (sometimes called shearing). The former are 
resisted by the top and bottom longitudinal chords 
or flanges, while the latter are taken up by the interme- 
díate bracing, called coUectively the web, which applies 
to all the material lying between the chords or flanges, 
whether open as in a truss, or solid as in a plate-girder. 
The longitudinal strains in the chords are either com- 
pressive or ¿ensile, and whichever may be the case, the 
quality of the strain is the same throughout the chord 
considered. The web is exposed to both kinds of strain, 
the parts of which, if a truss, are altemately in tensión 
and compression in the march of a given weight to 
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either abutment The tensión members of the web are 
called ties, and they may be either vertical or inclined. 
The compressive portions of the web are called struts, 
or posts, and may also be vertical or inclined. When 
ties are vertical, the posts are inclined, and vice versa, or 
both may be inclined. Strut tie, as the ñame implies, 
means that a web member may act either by tensión or 
compression. The point where a tie and a strut intersect 
in a chord, is called a panel-point, and the distance 
between two such points is called a panel-length. Again, 
a portion of the web system are called main braces, or 
ties, and a portion counter braces, or ties. The former 
embrace all parts of the web which carry that part of the 
weight going to the nearer abutment either side of the 
centre of the truss, and are lightest toward the middle 
and heaviest toward the ends of the span, while the lat- 
ter run in a contrary direction to that ofthe main bracea, 
and carry that portion of the load going to the farther 
abutment, and they are heaviest at the centre and least 
at the ends of the span. Main braces may be made to 
act as counters, if they are constructed to act either by 
tensión or compression. The office of the " counters " is 
simply to prevent distortion or change of form in a truss, 
and they are only necessary when the truss is subjected 
to the action of a variable load, as is the case on all 
bridges. They can only act wheñ the main braces to 
which they are opposed are relaxed, and then have an 
action equal to the difference between the effects of 
the variable and fixed loads, acting in opposite direc- 
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tions. In a bridge very heavy in proportion to the 
moving load, this excess is soon lost either side of the 
truss centre, when the counters can of course be left out. 
Ordinarily they are continued a sbort distance beyond 
theoretical requirements, in order to diminish vibration, 
which they materially assist in preventing when screwed 
up tightly. The usual forms of truss bridges are ülus- 
trated by the succeeding figures, on each of whích is re- 
presented, by means of lines of varying width, not only 
the parts strained the greatesi, but also the kind of 
strain. Tensión is shown in fine lines, and compression 
in full black ones. The weights producing strain are 
supposed to be located immediately at the panel-poínts, 
the whole materially aíding the mind in forming a very 
fair idea of how trusses really do act, when coupled with 
the descriptions and definitions just given. 

Figs. 3 and 4 represent plain girders for sbort spans, 
in which the flange and web parts are noted. Such gir- 



ders are often used of solid section, and are called rolled 
beams, being finished ready for use direct from the rolling- 
mills. They are made of varying sizes and weights, from 
the four-inch beam, weighing 30 Ibs. per yard, to the 
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fifteen-inch beam, weighing 200 Ibs. per yard. These 
beams, however, are more expensive than the compound 
riveted girder, made with plates and angle irons, but are 
10 per cent stronger. The riveted girder can be made 
of any depth, and is therefore adapted for much longer 
spans than the rolled beams. 

Fig. 5 shows the simplest form of truss, and con- 
sists of a post and tvvo inclined 
ties suppprting the middle of a 
beam, that would otherwise be 
too weak to sustain a load. This 
supporting system in effect halves 
the span, the post performing fig. 5. king post truss. 
the office of a pier, carrying 

one half the load of both subdivisions of the beam. 
Now, since all the load must finally rest on the two end 
supports or abutments, that portion that rests on the 
post can only reach them through the médium of the 
inclined ties, intersecting at its foot, each tie taking up 
half the load carried by the post These ties are strained 
in excess of the load they transmit to the abutments in 
proportion to their deviation from a vertical line ; or, in 
other words, an inclined pulí requires greater effort than 
a direct one, as almost every one has experienced. 
Whenever a forcé is exerted at an angle, a horizontal 
effect is always produced, and in proportion to the angle 
at which it is applied. The flatter the angle, the greater 
the horizontal effect, and vice versa. In the truss before 
US, the abutment ends of the inclined ties, by virtue of 
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this horizontal effect, pulí toward each other, producing 
compression in the horizontal beam to which they are 
attached. This form of truss is called the " King Post " 
truss, and when inverted will be at once recognized as 
the commonest form of wooden trussing in existence. 
In that case, however, the vertical post becomes a tie, 
the inclined ties become thrust braces, and the 
beam is strained tensively, instead of compressively, 
since the horizontal effect of the inclined thrust braces 
is to tear the beam apart. 

Fig. 6. When an opening becomes too great to be 
spanned by a beam trussed with a single post, two posts 




FIG. 6. QUEEN POST TRUSS. 



are added, forming three spans, the posts being the 
piers as before, which piers are supported in tum by the 
inclined ties running up to the ends of the horizontal 
beam as before ; each tie sustaining the whole weight 
on one pier or post. This is a complete truss when 
both posts are loaded ; but if only one is loaded, the 
condition of affairs changes. The load is unbalanced 
on the other side of the centre, and the horizontal ef- 
fect of the inclined tie on the loaded side will be 
greater on the beam (which hereafter we will cali the 
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upper chord) than that from the similar tie on the un- 
loaded side. The result will be a distortion of the 
frame, the loaded post sinking and the unloaded one 
rising. AU that is necessary to prevent this destruc- 
tive effect, is to enable that portion of the load that 
must be carried by the further abutment, to go there 
by the most direct route, which is manifestly through 
the médium of a diagonal tie from the fooí oí the 
loaded post to the íop oí the unloaded one, or a diago- 
nal strut from the top oí the loaded post to the fooi oí 
the unloaded one. This diagonal is the counter-diago- 
nal previously defined, Its introduction in the elemen- 
tary truss just described, and known as the " Queen 
Post Truss," is a pointed illustration of the valué of the 
triangle in trussing, which is the only geometrical 
figure that resists change of form. Inverting this truss, 
as was done before with the King Post, we have the 
Queen Post in a more familiar shape ; and while the 
effect of the loads on the several parts is pre- 
cisely the same in amount oí strain engendered, the 
quality is reversed That is, the upper chord be- 
comes now the lower chord, and suffers tensión, 
the inclined ties become thrust braces, the posts 
change to ties, and the lower chord becomes now the 
top chord undergoing compression. The counter- 
diagonals also become reversed as to tensión or com- 
pression. 

The forms of trusses just described embrace all the 
elements of simple trussing, and an extensión of these 
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principies is all that is necessary to meet the ordinary 
requirements of every-day practice. By adding to the 
number of posts, the Whipple or Pratt truss, Figs. 7 and 8, 



FIG. 7. 




FIG. 8. 
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WHIPPLE SINGLE CANCELLED TRUSSES. 



is formed, a plan of truss the popularity of which is well 
deserved, The inclination of the end posts, though not 
essential, results in a saving of material over vertical 
posts, but the latter form produces, in the judgment of 
many, a more pleasing eífect. A study of the diagram 
will show how cumulative the horizontal eífects of each 
diagonal main tie are toward the centre of the chords ; 
and also how it is that any main tie must carry all the 
weight between its own panel load and the centre of the 
span. 

Fig. 9. When a span becomes very long, and it is 
constructively and economically inconvenient to have 
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one system of triangles, two systems are introduced, 
complete and independent of each other, each one being^ 




FIG. 9. DOUBLE CANCELLED WHIPPLE TRUSS. 

formed of triangles having bases of two panel-lengths. 
The principie of the Queen Post still holds good as be- 
fore, as it would do if there were three or more series of 
triangles, each series doing its own work in transmitting 
the loads to the abutments, independent of any othen 
The truss illustrated in Fig. 9 is known as the double 
cancelled Whipple or Quadrangular truss, and has been 
used in spans of o ver 400 feet. 

Fig. 10 appears, at first síght, a greater variation 
from the elementary truss form preyiously described 




FIG. 10. SINGLE TRIANGULAR OR WARREN TRUSS. 

than is really the case. The principie of the triangle 
being here developed to its utmost perfection, this form 
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is usually known as the " Triangular " truss, although 
sometimes called the "Warren Girder." The marked 
difference between this form of truss and the Whipple 
and Queen Post trusses consists in the fact that the 
posts as well as the tension-rods are inclined, and if the 
angle of inclination is well proportioned, a considerable 
economy of material is obtained over that required by 
the straight post trusses. When a vertical post is used, 
the weight delivered to it by its tension-rod makes no 
progress whatever toward the abutment ; but in the case 
of an inclined post, by the time the weight has been 
transmitted to its foot, it has progressed toward the 
abutment by an amount equal to the horizontal reach 
of the post. When the span becomes long and the 
stretch of the triangles is so great as to necessitate an 
intermediate support for the flooring, a rod is dropped 
from the apexes of the triangles to form such support, 




FIG. II. DOÜBLE TRIANGULAR OR LATTICE TRUSS. 

or two systems of triangles may be used corresponding to 
the double cancelled Whipple truss, as in Fig. 1 1. In the 
case of the trusses being beneath the roadway, the verti- 
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cal rod becomes a post, as the load then presses from 
above, instead of being suspended from below. In this 
form of truss, it will be noticed that the horizontal ef- 
fect at each panel-point is made upof two portions — one 
due to the thrust of the posts, and the other to the pulí 
of the ties, both being inclined and acting in the 
same direction — just as a man pushing behind a wagón 
adds to the eíFect of a man puUing it in front. While 
the vertical post truss has only one increment at each 
panel-point, yet for the same depth of truss the sum of 
all the increments on either system will be the same at 
the centre of the chords. 

Fig. 1 2 illustrates the suspensión truss, where only 
a top chord is essential, and is nothing more than an 




FIG. 12. FINK SUSPENSIÓN TRUSS. 



ordinary roof truss tumed upside down. This form 
was first developed for bridge purposes by Mr. Albert 
Fink, and it almost universally goes by his ñame. It is 
developed from the elementary truss, Fig. 5, as will be 
apparent on inspection. By imagining the King Post 
truss in Fig. 5 to become so long as to require inter- 
medíate support, it is accomplished in this case by add- 
ing sub-systems, acting precisely like the main system, 
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only in a minor degree. The load on each post splits 
in half, as it were, at the post-foot, each portion being 
carried up the inclined ties to the top of the adjoining 
posts, each minor system thus adding to the weight im- 
posed on the next larger system, until the whole load is 
finally delivered to the abutment. The main system ex- 
tending over the whole span is called the primary sys- 
tem; the systems extending over each half span are 
secondary systems ; those over each quarter of the span, 
are tertiary systems ; those over each eighth of the span, 
quaternary systems, and so on. The horizontal incre- 
ments of all the ties accumulate at the extreme ends of 
the top chord, producing uniform compression through- 
out its whole length. 

Fig. 1 3 is the familiar bowstring, which acts, as be- 
fore remarked, like an arch, and bears no relation what- 




FIG. 13. BOWSTRING TRUSS. 

ever to the typical form of trusses developed from Figs. 
5 to 1 2. The essential parts are the bow and tie, the 
latter taking the place of fixed thrust abutments. The 
web for a uniform load need be nothing more than ver- 
tical rods, carrying simply the sepárate loads at the 
panel-points. Where the load is variable, as is always 
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the case in bridges, and if the arch is not stiff enough in 
itself to resist distortion, diagonals must be introduced 
in the web performing simply the office of counter- 
braces. Like them, they are strained the greatest in the 
centre of the span and least at the ends. 

THE SELECTION OF BRIDGES 

should be govemed by economy and adaptability to lo- 
catión, since no one of the well-recognized types of 
bridges is better than another. Apart from such mo- 
tives, any bridge designed on correct principies is a 
good one, whether a beam-truss, a suspension-truss, or a 
bowstring. On the contrary, any one is bad if impro- 
periy designed, and the principies of its construction 
ignorantly conceived. A general rule that will lead to 
satisfactory results is to ignore any plan of bridge that 
can not be accurately analyzed as to the character and 
amount of strain occurring in all its parts — such, for 
instance, as the Truesdell bridge, scores of which have 
been built during the last fifteen years ; and assuming 
that the great majority are still in use, giving satisfac- 
tion to their users, yet their form of construction is one 
that removes them beyond the palé of the most refined 
analysis. They are purely empirical structures, and be- 
ing such their construction should under no circum- 
stances be permitted. It is bordering on criminality to 
build any structure on a plan that no human being can 
tell definitely any thing about, when there are so many 
plans that we thoroughly understand. 
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METHODS OF CONSTRUCTION AND 
FORMS OF SECTIONS. 

The various systems under which iron-work is 
framed may be classified as the " pin connection, 
" screw-end connections," and all " riveted connections, 
which may be and often are combined, to a greater or 
less extent, in the same bridge. The first two systems 
are peculiarly American in their origin and practica, 
while the last is the system pursued almost entirely in 
Engiand and on the Continent; although latterly the at- 
tention of American engineers has been drawn to a con- 
siderable extent to riveted work. As has been before 
intimated, the knowledge of a good bridge-designer 
will be shown in his details, more than in his mathe- 
matical expertness in figuring up strains ; and, perhaps, 
it will not be hazarding too much to say, by way of 
emphasizing this remark, that few iron highway bridges 
built in the United States are as strong at the joints as 
the parts they serve to connect. The very great diffi- 
culty in obtaining this joint strength in purely riveted 
work is due to the general nature of such designs. In 
the first place, as built in this country, the bars or pieces 
uniting at the panel-points ¿¿o not assemble in the axial 
Unes of the truss, thus producing a complexity of cross 
strains unknowable in amount In a large bridge, in- ( 

volving heavy pieces and large joints, it is impossible to i 

so dispose the rivets as to distribute the strain equally ' 
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among them, although they can only be proportioned 
on that supposition. It will be apparent to any one, on 
a moment's reflection, that when two pieces of iron are 
riveted together through the médium of a splice-plate, 
the rivets at the ends of the splice are the ^rsí ones to 
feel the effect of a strain in the bars, and consequently 
are brought into action before the rivets at the middle 
of the splice are affected ; and if the bars are large, the 
splice-plate long, and the rivets numerous, it is doubtful 
if the rivets in the middle of a splice do any service 
whatever ; certainly not before the iron has stretched 
considerably, in which case the first rivets may have upon 
them double the strain they were calculated to bean 
As manufactured in this country, the holes of each piece 
are separately punched from wooden templates, and de- 
spite all the care exercised, the drift-pin must be always 
at hand to forcé the matching of the holes ofcontiguous 
plates, to admit the insertion of the rivet, thus developing 
initial strains on the iron impossible to compute, which 
may be regarded as another very serious indictment of 
riveted work. Workmen can not always be watched, and 
the eyes of even the fiercest inspector can not keep every 
hole and rivet before him. The carelessness of a work- 
man may be rapidly and nicely covered up with a neatly- 
shaped rivet-head, which tells no tale of the horribly muti- 
lated holes beneath, to which a cold-chisel had possibly 
been applied, or perchance the holes overlapped too badly 
for the drift-pin to even give an appearance of matching. 
Another imperfection very apt to creep in when hand- 
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nveting is employed, and one, too, that is so thoroughly 
concealed as to be impossible of detection, is the imperfect 
Jilling of the holes. The chances of such a serious defect 
increase with the number of the plates riveted together, 
and owing to the shrinkage of the hot driven rivet- 
heads, they bind so closely to the surfaces of the outer 
plates, that striking with a hammer to test " looseness " is 
a very fallacious test The high strain under which rivet- 
heads are left through shrinkage in cooling is often shown 
by their apparent brittleness when cut off by a cold-chisel. 
They will at times snap ofF like a piece of glass under 
the first blow. A hand-driven rivet will very frequently 
drop out from its own weight, when once the head is 
knocked off, showing that the shank of the rivet shrinks 
away from the holes, and when this is not the case, they 
are as apt to retain their position through the distortion 
caused by unmatched plates as to a perfect fiUing of 
the holes. In Europe, where the riveted system has 
been developed to its utmost perfection, these inherent 
defects are recognized, as is shown by the great care with 
which their riveted work is manufactured, such as drill- 
ing the rivet-holes through the plates and pieces to be 
joined while clamped in position, and thus overcoming 
almost entirely the evil effects of drifting and distorted 
rivets. Power-riveting is largely employed, as by that mode 
alone there is any reasonable certainty of fiUed holes. 
Did American girder-shops pursue the European system, 
our riveted bridges would cost much more than they 
now do, and they would be proportionately better. To 
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do this, however, requires more than the customary 
standard plant — namely, a punch, a pair of shears, and 
drift-pins, which any oíd boiler-shop can furnish. Before 
leaving the subject of riveted work, it is well to cali 
attention to " field-riveting " — that is, where spans are so 
large that they must be shipped in parts, which are 
riveted together in the final position of the work. 
Whatever objection has been urged against shop-úvtX," 
ing is intensified in a high degree when the field-riveter 
steps in to do his part of the work. He must work in 
constrained positions and in all sorts of weather. If the 
work in the shop has been well done, that in the field is 
pretty sure to be badly done ; and as this last applies 
principally to the jointSy the most vital parts of the 
whole structure, the work must be judged entirely by 
them. In contrast with riveted work, we have the ma- 
chine-mzA^ bearings and connections, which may be 
attained either by means oi pins or screw-ends, or a com- 
bination of both. It is through the adoption of this 
constructive idea that the Americans have been able to 
surpass the rest of the world in bridge-building. 

This American system, as it is universally called, per- 
mits of the most economical use of material póssible, is 
wonderfully well adapted for long spans, and enables 
the engineer to select the quality and shape of material 
best adapted for any given portion of his design. It is 
a system that permits of closer harmony between theory 
and practice than is póssible to attain in the European 
method or its American imitation, conceming which 
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enough has been said to show how lamentably deficient 
that system is in this particular. In a bridge on the 
American system, the strains, being axial, coincide with 
the skeleton diagram of the truss, and, further, the strains 
can be accurately computed, and need have no more mate- 
rial provided to meet their action than is absolutely neces- 
sary. The more usual mode of connection in this systenn 
is by means oípzns, which joints, when well designed and 
executed, leave nothing to be desired. The main points 
to be considered are the sizes of the pins, the reinforc^ 
ing of the upper chord and post-bearings, the fit between 
the pins and eyes, the proportion of the heads of the 
tension-bars, and the uniformity in lengths of similar 
parts in each panel. It is no part of a book of this 
character to give specific rules for the proper proportion 
of these parts, but the great importance of the subject, 
and the fact that the majority of American highway 
bridges are very deficient in " joint proportion," warrant 
an attempt to make clear the requirements of the pin- 
connection. Pins can not be made too large, and are 
governed in size by the largest tensión eye-bars through 
which they pass. These occur in the lower chord or in 
the main diagonals at the ends of a truss. Whether a 
pin is a half inch mpre or less in diameter is an econo- 
my not worth consideration — only be sure that the 
error, if any, is toward the larger diameter. Considering 
the very great importance of properly proportioned 
pins, it is somewhat remarkable that so little attention 
has been given to the subject. For years the crude con- 
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clusions of Sir Charles Fox, drawn from very meagre 
experiments, made more than a dozen years since in 
England, have been a sort of blind guide for engineers. 
They have been supplemented within the last five years 
by the experiments of Mr. Berkeley, also English ; and 
although these last and more complete experiments 
have shown how erroneous Sir Charles Fox*s rules are, 
yet those rules are still given in modern text-books as 
proper practice. Mr. Charles Bender, CE., has very 
ably investigated the subject theoretically, and shows 
the various influences operating to modify the size of 
pins, according to the position of the different bars as- 
sembled upon them, and he shows the fallacy of deriving 
rules from experiments made upon bars having a uniform 
ratio of width to thickness, or on pins only exposed to di- 
rect shearing action. The best experiments and theoretical 
investigations go to show that the size of pins for flat 
bars should be not less in diameter than -^ the width of 
the bar, and for square bars their diameter should be not 
less than if times the side of the square. It will be 
noticed that these proportions result in pins enormously 
in excess of what would be necessary for simple shear- 
ing. For example, a bar 4x1 requires a pin 3^^ inches 
in diameter, the área of section of which is 8^ square 
inches, while that of the bar is but 4 inches. Pins should 
be carefully tumed to gauge, and fit the holes through 
which they pass with the least play with which it is pos- 
sible to put the work together, which the best practice 
has established at about -¿^ of an inch. Of as much 
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importance as the pins, is the proper form to be 
given to the ends of the "links" or "eye-bars," the 
ñame usualty given to the braces and lower chord bars. 
Inorderthatthe pin will not tear through the eyes before 
the body of the bar is at the point of nipture, experiment 
has shown that the link-heads must be full, and of gradual 
curvature, the proportions of which being dependent some- 
what on the mode of manufacture. Still further experi- 
ments are required on eye-bars of various sizes, to deter- 
mine with accuracy just what proportion should be given 
to the heads ; but so far as experience has gone, it points 
to a proportion in the case of flat bars of about 50 per 
cent of metal through the pin in excess of that through 
the body of the bar, and in front of the pin about the 
same as is contained in the body of the bar. Back of 
the pin, the curve uniting the head with the body of the 
bar should be a gradual one, so that the strain in the bar 
will not be too abruptly transferred around the pin. The 
annexed cut represents the end of an eye-bar, with a pin 
passing through it, the relative intensity of the surface 
pressure being indicated in shaded lines. It will be per- 
ceived how important it is to have tight-fitting pins, 
since the first pressure is simply a line of contact, the 
semi-circumference of the pin only coming into bearing 
when the pressure has upset the metal in front of the pin 
by an amount equal to the extent of play in the eye. 
Some engineers consider that the bearing surface should 
be determined by projecting the semi-circumference on 
the diameter, allowing nothing for frictional resistance 



EYE-BARS. 



51 




FIG. 14. LINK OR EYE-BAR HEAD, SHOWING 
RELATIVE INTENSITIES OF PRESSURE ON PIN. 



when the pin and eye surfaces are in full contact In 
that view of the case for flat bars, with heads uniform 

in thickness with the 
body, pins should 
have a diameter equal 
to the full depth of 
the bar; or, in case 
it is unadvisable to 
have such large pins, 
the required bearing 
área can be made up 
by thickening the 
eyes. 
When square bars are used, the eyes should be formed 
by long loop-welds, which gives, of course, ampie mate- 
rial around the pin, being equal to the side of the square. 
Round bars should be forged with an equivalent flat head, 
as it is impossible to properly loop-weld a " round," and 
have a satisfactory flat bearing on the pin. The eyes of 
all links should be carefuUy bored to match the pin, with 
minimum clearance compatible with erection of the work. 
Since in all link bridges each individual bar is calculated 
to perform a given proportion of duty, uniformity of 
length, particularly in bars of the same panel, is of the 
first importance. Otherwise, an inequality of strain will 
result after the work is erected, the tighter bars taking all 
the load at first, only bringing the slack ones into play 
after they have stretched a suflicient amount so to do. 
These errors of length creep in from two causes — 
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namely, carelessness in centring the eyes from the 
master-gauge, and the variations of temperature at which 
they are bored. The best shops use double-end boring- 
machines mounted on wrought-iron beds, and if care is 
taken that the bars have been long enough lying in the 
same temperature as that of the machine, the second class 
of errors are removed to a remote possibility ; the avoid- 
ance of the first being simply a matter of shop system, 
in checking measurements and using intelligent supervi- 
sión. 

Fiat eye-bars (the form now almost universally used 
by the best designers) are manufactured in America, 
either by welding the eyes previously forged into shape 
to the ends of the bars, by die-forging under a steam- 
hammer, or upsetting by means of steam or hydraulic 
power. The former process is purely a welding process; 
and should be performed with great care in a hoUow coke 
fire, the form of weld known as the split weld being 
used. The second process is a weld to the extent that a 
slab is forged down on the ends of the bar under the 
powerful blows of a steam-hammer, the shaping being 
performed at the same instant, the anvil and the hammer 
having matched die-faces, while the latter process con- 
sists in forcing the ends of the bar itself into properly- 
shaped moulds or dies under an intermittent or a steady, 
continuous pressure of a ram, the ends being previously 
heated to a white heat. AU these processes are in use, 
and have given satisfaction ; but the two latter have 
decidedly the preference among engineers, owing to 
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their greater reliability. The second method is the 
most flexible, in that there are no such limitations of 
ratio of width to thickness as the direct upsetting pro- 
cess necessitates. One fact in regard to upset-bars must 
not be overlooked, and that is the distortion of the 
fibre, and consequent change in the character of the iron. 
This is sure to be extreme, if the operation is performed 
under too low pressure, or if the bar is hcavy and the 
head large, in proportion to what may be called the 
mass of the upsetting-machine. Where bars are wide 
ana thin, there is a very great distortion of fibre since 
a large amount of iron must be forced back to fiU 
the moulds, and which a slight etching with acid 
will develop very clearly. It is owing to the dete- 
rioration of the iron in the heads of upset-bars that 
American experiments have resulted in somewhat dif- 
ferent proportions from those made in England on bars 
of English manufacture. Whether upsetting is done by 
repeated impact, or by the steady, continuous pressure of 
the hydraulic ram fed from an accumulator, there is a 
marked diflerence in the result. Iron is most susceptible 
to change of form without deterioration when operated 
upon in a highly heated state, and since a bar commences 
to cool the moment it is taken out of the fumace, the most 
rapid means of shaping it will injure it the least. A 
fibrous bar, operated upon in acold state, will be so modi- 
fied in its molecular arrangement as to become crystal- 
line. Again, in operatingupon the end of a bar, just from 
the heating fumace, it must of course be firmly gripped 
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behind the die, and where the iron is comparatively cold. 
In the case of slow upsetting by impact, the iron is grad- 
ually crowded back from the soft end, the effect of each 
blow being less and less as the metal gets cooler and the 
fibres become compacted. At the end of the operation, 
the metal will have chilled off rapidly, and near the base 
of the upset be almost cold. At the point of " grip " the 
metal becomes more or less crystallized, according to the 
temperature at that point. In' view of this effect of tem- 
perature on iron, it foUows that upsetting should be only 
performed by continuous pressure, by means of which the 
iron may be driven back in the die at welding heat, at one 
stroke of the pistón. 

Screw-ends are sometimes used for the upper ends of 
the diagonals, and íorm their connection with the top 
chord through the médium of a casting, which requires a 
very awkward and ugly enlargement to admit of their 
passage. Screw-ends should be enlarged over the body 
of the bar by upsetting, so that the cutting of the screw- 
threads will not diminish the sectional área A serious 
objection to the use of screw-ends arises from the fact 
that they are a temptation to those custodians of public 
works who have a mania for screwing up any thing they 
can get a wrench around, and so, in their eíforts to " ad- 
just " a bridge, they are very apt to leave the diagonals 
under different degrees of tensión. To adjust screw-ends 
properly, the workman must combine the " feel " of the 
wrench with the striking of the bars, so as to judge of the 
tensión by the sound, which involves somewhat of a mu- 
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sical ear, not possessed by every mechanic. Practically it 
is impossible to tap nuts so that they correspond with the 
threads of the screw. The dies will wear, no matter how 
carefuUy they may have been hardened, and the harden- 
ing process itself must affect the character of the threads. 
The post connection with a pin is made through the 
médium of " shoes " or " bases," either of wrought iron or 
cast, or both combined, depending on the form of post 
used. The bearing on the pin, or, in other words, the 
thickness in inches of that portion of the shoe through 
which the pin passes, should be not less than the com-^ 
pressive strain (as exhibited in the Une diagram of strains 
which ought to accompany all proposals) in pounds, di- 
vided by twelve thousand times the diameter of the pin. 
The sections of posts in ordinary use are exhibited here- 
with in the order of their relative theoretical mérit. The 
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FIG. 15. SECTIONS OF POSTS OR STRUTS. 

first is the Phoenix hoUow column ; the next four are 
made from solid roUed sections, and the last and weakest 
are compounded sections, as shown * The resisting power 
of ppsts is based upon the ratio of their length divided 
by their diameter, and also upon the fact of their having 
round or square end connections. For the first five sec- 

* The last four sections are the forms of struts used in riveted work, and 
it needs not the eye of an expert to realize that they are immeasurably inferior 
to any of the preceding sections. 
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tions, the diameterto betaken,in determining aboveratio, 
is the least si de of the least rectangle with which they 
can be circumscribed. For the other sections, two 
thirds of the least side must be taken for the diameter. 
While. this method of determining eífective diameters is 
not absolutely accurate, it is sufficiently near the truth to 
test the merit of competitive designs. Where a post bears 
directly on a pin, it should be regarded as having a round 
end. There is probably no property of iron about which 
less is positively known than its real strength when in the 
form of posts or columns. Certain general laws have 
been determined by the experiments thus far made, 
among the most important of which are the foUowing : 

The strength of a column with square end bearings 
being called unity, that of a column with both ends 
rounded (like the ends of an egg) will be one third, and 
that of a column with one end square and one end 
round will be a mean between the first two. That is, 
the numbers i, f and \ represent the relative strength 
of columns, according as the bearings are square, one 
round and one square, or both round. The formula 
mostly in use for computing the strength of posts is an 
empirical one, invented by Lewis Gordon, of England, 
and is based upon the experiments made for the British 
Board of Trade, by Eaton Hodgkinson, about 1840. 
"Gordon's formula is simpler in application than those de- 
duced by Hodgkinson, and, when properly applied, expe- 
rience has shown it to be abundantly safe. The original 
formula is as foUows for square-end columns, and should 
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be corrected for pin or round bearings by one of the 
three laws above given : 

T^ , . 1 j r ) ^6,000 X área section 

Breaking load for f —^-^ — r, — —r-—? — -. ra 

^ ^ . > =z I /lenefth 01 columnX 

wrouerht-iron i i h — --^ 

^ ; 3000 \ diameter / 

The same formula for cast-iron, using 80,000 in nu- 
merator of fraction instead of 36,000, and -^^ in denomi- 
nator instead of -g-^Vo"- ^^^ constants in the numerator 
are intended to represent the average crushing strength of 
a short piece of the respective kinds of iron. Modern 
experiments have, however, shown that the ultimate 
crushing strength of American wrought-iron is much 
higher than that assumed in the formula — namely, 36,000 
Ibs. per square inch, by at least 20 or 25 per cent. In 
fact, so much depends upon the kind of iron, that no one 
constant is suitable for undeviating use. A column made 
from a hard iron inclined to granular, as it should be, 
will resist crushing better than a soft fibrous iron, or one 
of great tenacity, and consequently a much higher con- 
stant may be used. The following table has been com- 
puted from Gordon's formula, using 45,000 in numerator 
instead of 36,000, for wrought-iron — ^that for cast-iron re- 
maining the same as in the original formula. It musí 
be understood that any of the published tables for the 
strength of columns are purely tentative, to be modified 
by such light as farther experiments alone can give, and 
which it is hoped that the present Government Com- 
mission on the " Strength of Iron and Steel," appointed 
by Congress in the spring of 1875, will early institute. 
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TABLE SHOWING THE BREAKING STRENGTH PER SQUARE 
INCH OF WROUGHT AND CAST IRON COLUMNS, COMPUT- 
ED FROM GORDON's FORMULA: 

Crushing strength of wrought-iron taken at 45,000 Ibs. per square ínch. 

** *' cast ** ** *' 80,000 ** *' " *• 

Valúes given are ín pounds for each square inch área. 



<i 



Ratio of Length 
to Diameter. 
See Dasre c6. 


I. 

Breaking Load : 
Square Ends. 


,11. 

Breaking Load : 

Round £nds. 

1 


III. 

Breaking Load : 

One Round, One 

Square. 




Wrought 
Iron. 


Cast 
Iron. 


1 

! Wrought 
Iron. 


Cast 
Iron. 


Wrought Cast 
Iron. Iron. 


10 

15 
20 

25 
30 

35 
40 

45 
50 


43562 
41860 

39717 
37251 

34615 
31960 

29355 
26866 

24545 


64000 
51200 
40000 
31220 
24617 
19692 
16000 
• I3196 
1 1035 


I452I 
13953 

13239 
1 241 7 

1 1 538 
10653 

9785 

8955 
8182 


21333 
17067 

13333 
10407 

8206 
6564 

5334 
439^ 
3678 


29042 
27906 
26478 

24834 
23076 

21306 

19570 

I79IO 

16364 


42666 

34134 
26666 

20814 

16412 

I3128 

10668 

8798 
7356 



FiG. 16. TOP CHORD SECTIONS 



oniET 



FOR PIN GONNECTIONS. 




RIVETED SYSTEM 



The upper chord has often a similar section to that 
of the posts, but when not circular is usually shaped like 
a box, the sides of which are channel or beam irons^ 
and the top a broad píate. The under side of such a 
box, when open, should be stiffened with diagonal lattic- 
ing or broad batten-strips, so as to aid in the preservation 
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of its form under the compressive strain to which it is 
subjected. The allowable strain per square inch on 
chords is govemed by the same rule as that for columns ; 
the ends being considered square, and the length of the 
chord the distance between two panel-points. The top 
chord may have simple machine-faced butt joints, or it 
may be made continuous in sections, the contiguous abut- 
ing surfaces being joined by fish or splice plates riv- 
eted or bolted to them. Such plates serve simply to keep 
the chord in position, and are not subjected to any strain 
whatever. Under this last arrangement, there would be 
attained all the advantages that can possibly be claimed 
for riveted work — namely, perfect continuity of material. 
This principie, combined with the American system, re- 
sults in a structure that harmonizes theory and practice 
in the highest attainable degree. With some forms of 
compressive sections, like the Phoenix column, or the 
three-beam section, it is desirable, in fact necessaiy, that 
a casting be introduced to connect the several parts that 
cluster at the panel-points. This casting must have all 
its bearings machine-faced to match the faced ends of the 
chords and posts. In continuous box-shaped chords, the 
pin-holes must be reinforced with thickening plates, not 
only to increase pin-bearing, but also to distribute the 
pressure delivered to the chord at each panel-point over 
as much surface as possible. Further, it is advisable that 
the increased sectional área required at each panel-point, 
in approaching the centre, be placed in the sides of the 
box, as it is through the sides that the pin passes. It is 
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not one of the least of the excellencies of the pin-con- 
nection system that the chords, posts, and tension-mem- 
bers may be made to unite at the centre of their several 
sections, and by proportioning the box chord as above 
this may be accomplished very fiíUy. The advantage of 
a cast-iron joint box consists in the very perfect attain- 
ment of this principie, as such boxes insure an absolutely 
uniform distribution of pressure over the surfaces of con- 
tiguous chord sections. This principie is about as far lost 
sight of in riveted work as it is possible to be. In such 
work the chords have no stiffening along the inner edges 
of the vertical plates or sides to which the web system is 
riveted, and the increase of área is made by riveting on 
plates to the upper side of the top chord, or lower side 
of the bottom. The centre of section is not at the 
middle of the sides, as usually assumed, but approaches 
the top or bottom plates, and in large spans, where the 
strains aré great, necessitating a large área of section 
(placed mostly in the above plates), the centre of section 
approaches the plates very rapidly. In applying the for- 
mula for posts, therefore, to such chord sections, the dia- 
meter used for determining the ratio of " length to diameter'" 
must not be taken as equal to the side of the least circum- 
scribing rectangle, but must be a much smaller quantity. 
Just what this quantity is may be ascertained by reference 
to special treatises on engineering, since it involves con- 
siderations too technical to introduce into a book of this 
character. It will be sufficient for our purpose if the 
reader realizes that a box or trough-shaped compression 
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chord, having most of its metal on the upper side, is 
weaker than one which has the metal equally distributed 
among the three sides, and for the weaker chord proper 
allowance must be made. 

In " pin-connection" chords, the pin-holes must be 
bored with the same care as eye-bars; the máximum 
play between pins and holes not being permitted to much 
exceed -^^ of an inch. 

From what has been said, in describing the various 
systems of bridge-building in use — namely, the " riveted," 
the " pin," and " screw-end" connections — it will be under- 
stood how it is that the two latter can be worked very cióse 
to absolute theory, thus enabling material to be disposed in 
the best possible way to concéntrate strains at centres of 
sections, and distribute them in axial lines through the 
various parts of the structure. Further than this, the 
shape of material used in designing on these systems is 
such that proper grades of iron are readily attainable. 
The riveted system has^ of necessity^ so many imper- 
fections of design, of workmanshzp and material, in 
contrast with the above, that, to obtain any thing ap- 
proaching equal strength on the same specif catión, it 
should only be used with a higher factor of safety, 
It is probable that this difference is not less than 20 per 
cent ; so that when a pin bridge is called for, having a 
factor of fíve, a riveted bridge can not be considered as 
approaching the same strength unless it is proportioned 
witji a factor of six. The fact that a riveted bridge is 
stiff, or that its deflections may be small under a test, is no 
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evidence of strength, which last depends upon other 
considerations than those applying to stiffness. 

The stiffness of a girder depends upon the average 
sectional área of the flanges and web, while the strength 
is measured solely by the net sectional área at any point. 
A girder, for example, having uniform flange áreas from 
-end to end, would be stiffer than one having this área 
only at the centre, and diminishing with the diminution 
of strains toward either abutment, but it would not be 
stronger. The amount of metal at the weakest point 
determines the strength of the girder, and since this is a 
matter independent of stiffness, it follows that the ad- 
Tocates of riveted work practice a deception on the 
public (perchance themselves) in pointing to the wonder- 
ful stiffness of the lattice bridge, afe a triumphant refuta- 
tion of the damaging criticisms made by those who have 
well weighed the respective merits of the various methods 
of bridge-building. 

The Flooring System. — If there is one part of a 
bridge more than another that can be claimed to be of 
supreme importance, it is the flooring system, to a careful 
proportioning of which more attention has been paid 
during the last few years than ever before. A good, stiff 
floor is a pretty fair criterion of the rest of the work, as 
well as a comfort to the travelling public. The various 
•elements of the floor system are the cross-beams, the 
stringers, the connection with the trusses, the sway-brac- 
ing, and the floor-covering. 

The cross-beams, often called floor or needle beams. 
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may be either solid roUed flange-beams, single or in pairs, 
or beams of lighter section deeply trussed ; or, finally, riv- 
eted píate web-girders, the two last being better than the 
first — not that they are necessarily strongeTy but from the 
great depth thereby attainable, there is less spring to 
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them under rapidly moving loads, with a proportionate 
gain in stiffness. In the best designs, cross-beams are 
located at panel-points, and they must be proportioned 
to cany the wheel-loads previously indicated. When 
sidewalks are to be carried outside of the trusses, the floor- 
beams of the roadway are prolonged on either side to sup- 
port them, although occasionally circumstances may arise 
when the sidewalks must be supported by independent 
cantilevers bolted or riveted to the outside faces of the 
truss-posts. AU things being considered, the compound 
riveted girder is probably the best form for floor-beams, 
because they can be made deep. A good depth for such 
girders in the middle is one tenth the width of roadway, 
but for long panels and heavy loads a still greater depth 
will often be found more desirable. A short distance 
either side of the centre, the bottom-flange may be tapered 
up gradually to the point of support. This form, even 
when not dictated by motives of economy, is very much 
more sightly than if the flanges are kept horizontal and 
parallel from end to end. The thickness of the web in 
such girders is usually from J to -^-^ of an inch, and the 
flanges should be so arranged as to be formed from 
but ¿wo angle-irons, the section of which must, of course, 
be determined by the extreme strain at centre of béam» 
This is a matter easily attained, since the sizes of angles 
vary so much that any desired área may be found in the 
lists of the principal manufacturers. The objections 
previously advanced against riveted work have least forcé 
in such girders as are above described, there being but a 
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single line of rivets which unite the solid flanges to the 
web, and the number and proportion of the rivets can be 
computed with a fair amount of accuracy. Special atten- 
tion is called to the idea of solid flanges, implied in the 
recommendation for using but two angle-irons, as opposed 
to a very common practice of using light angles, and in- 
creasing the sectional área toward the centre of the beam 
by riveting on plates to the angles, whereby the complex- 
ity of riveted work is introduced, which it is desirable 
to avoid in every instance where possible. Sufficient 
attention is rarely paid to the riveting, the pitch of the 
rivets (that is, the distance from centre to centre) being 
usually too great. Thin webs require cióse riveting, and 
the rivets should be well driven, by power if possible, 
since in this way alone can any reliability be placed upon 
the holes being well filled. 

No exact rule can be given for the pitch of rivets, as 
it is a matter of computation in pounds,of justhowmuch 
horizontal strain is delivered by the web at any given 
point to the flanges. As this web-strain increases to- 
ward the ends of a girder, the rivets should be placed 
closer as the ends are approached. The pitch will vary 
from 3 to 6 inches, depending upon the above considera- 
tions, and the smallest size rivet that should be used in 
the flanges is f of an inch, which becomes ^ig- greater after 
being driven, where the hole is properly filled. The web 
requires occasional stiffeners, usually two, intermediate 
between supports, for ordinary widths of roadway, and 
one at either point of support If the web is of such 
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thickness that the distance between the flange angle-irons 
is not greater than thirty to thirty-five times that thick- 
ness, no stiffeners will be required. Since there is no 
difficulty in obtaining the pieces composing a compound 
girder in one length between bearings, nothing has been 
said about joints. Should these occur, either in flange 
or web, pains must be taken to have splices of ampie 
size, and a full complement of rivets, to thoroughly trans- 
mit the strength of the solid sections so united. Solid 
rolled beams are lo per cent stronger thanriveted beams, 
but are much more expensive per pound, the difference 
at present (1875) being 25 per cent and upward* Such 
beams, in double-track roadways, from their shallowness, 
spring too much, throwing the trusses into an annoying 
vibration, to say the least, even from light passing loads, 
and conveying an idea of weakness, which the structures 
may not really possess. 

The connection of the floor-beams to the trusses, for 
deck-bridges, is a very simple matter, as they are then 
directly bolted to the top chord. For through bridges, 
or half-deck bridges, they are either hung from the pin 
by means of hanger-bolts, or they are riveted or bolted 
to the posts. When hung from the pin, the hangers are 
best of the f| form, the legs being long enough to pass 
down the full depth of the floor-beam at that point, 
through a washer-plate (by preference of wrought-iron) 

* Since the above was written, the price of beams has been reduced fully 
the amount of this difference. 
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on which the beam rests. The end of each leg is fumish- 
ed with a nut, sometimes with a jam-nut in addition, 
which, when drawn up, holds the beam securely in place. 
Inasmuch as these hangers are short, and always feel at 
once the effect of the passing load, they should be of first- 
quality iron, and have a factor of not less than szx at the 
root of the screw-thread. They should have a flat bearing 
on the pin, and may be either single or in pairs. When 
the beams are riveted to the posts, usually between them, 
the connection is made by means of angle-iron brackets, 
one on either side of the web, and in length equal to the 
whole depth of the beam at the bearing, and since this 
attachment depends solely on the strength of the rivet- 
ing, and since the riveting must be done on the ground 
after the work is in position, an excess of rivets should be 
arranged for, to compénsate for the imperfections of field- 
riveting, which is usually more difficult to get at than in 
the shop, and consequently not so well done * 

TAe horizontal or sway bracing may consist of very 
light rods, if the floor is well laid, forming as it does a 
very effective system of bracing against lateral movement. 
Rods from f to i inch round will cover all but extreme 
requirements, and they are attached by any convenient 
means to the floor-beams near their point of support. 
They require a screw-adjustment of some kind, tum- 
buckles or end-screws, in order that they may be drawn up 
taut On top of the floor-beams, and lengthwise with 
the bridge, are laid the strznger-beams, These beams 

* See Plainñeld Bridge, page 63. 
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may be either of wood or iron, and are spaced from two 
to three and a half feet apart, depending on the character 
of the flooring and the loads to which the bridge is liable 
to be exposed. If stringers are proportioned for wheel 
loads, as has been recommended, their size is independent 
of their distance apart, since, however great their number, 
a wheel may be immediately over any one, straining it to 
the máximum. Where a roadway is regulated by guard- 
timbers, confining the vvagon-tracks to a fixed position, 
the stringers may be made heavier immediately under the 
track-way, and lighter under the rest of the flooring. For 
wooden stringers, white or yellow pine is the best kind 
of timber, such varieties of timber being obtained of 
straighter grain than most any other, and consequently 
are peculiarly well adapted for resisting the effect of 
transverse strain. Stringer timbers should be inspected 
with greater care than is given to the floor-planks, not 
only on account of their position as beams, but also be- 
cause floor-planks, under most circumstances, will wear out 
before they will rot out, while the stringers, not being 
exposed to the abrasión caused by horses and vehicles, 
become destroyed by decay, the date of such destruc- 
tion being dependent on the practical knowledge of 
the timber inspector. Wooden stringers should be uni- 
formly notched down on the cross-beams, which not only 
aid in retaining them in their position, but also insure 
uniformity in the level of their upper surfaces. The fol- 
lowing table will be found convenient in determining 
the size of timber to be used for different panel-lengths : 
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Table giving proper size of wooden stringers^ for supporting different 
assumed wheel-loads, supposed to be concentrated in tke middle of a 
panela the titnber being sirainedto 1200 Ibs. per square ¿nch. 





LOADS ON ONE 


. WHEEL. 






Span or panel-length. 


500 Ibs. 


1000 Ibs. 


1500 Ibs. 


3000 Ibs. 


3500 Ibs. 


10 feet. 
12 " 

14 " 
18 " 
20 " 


2X8 
2X8 
2x9 
2 X 10 

3 X 10 


3x 8 
3x8 

3x9 
3 X 10 

3 X 12 


3x9 

3 X 10 
3 X II 

3 X 12 

4 X 12 


3x9 

3 X 12 
3Í X 12 

3 X 14 

4 X 14 


3 X 10 

4 X 12 

3 X 13 

4 X 14 
4 X 16 



Iron stringers are simply rolled I beams, of proper 
strength for the wheel loads, and may be had of any 
depth from four inches (weighing ten pounds per foot), 
upwaird. Where they rest upon the floor-girders, they 
should be secured by means of bolts, clips, or brackets. 

* Table giving proper size of iron stringers^ for supporting different 
assumed jvheel-loads^ supposed to be concentrated in the middle of a 
panela the iron being strained not over 12,000 Ibs. per square inch. 

LOADS ON ONE WHEEL. 



Span or 

Eanel- 
:ngth. 



500 Ibs. 



10 ft.!4* ólbs.p.ft. 4''iolbs.p.ft. 



1000 Ibs. 



Z500 Ibs. 



3000 Ibs. 



12 

18 
20 



<< 



(« 



«« 



4^ 6 
S^'io 

'13 
''18 



6' 



(< 



4' 10 
!5'io 



13 
'18 



6' 



<< 



«« 



(< 



< ( 



4'iolbs.p.ft. 

4' 10 

5' 10 

6" 13 

7" 18 



44 



«( 



<< 



(( 



(( 



(( 



5'iolbs.p.ft. 



5*12 

7' 18 
7' 18 



13 



44 
44 



«( 



(( 



«( 



«< 



3500 Ibs. 



5' i2lbs.p.ft 
6" 13 •* 
6*13 " 

f 18 " 
7" 18 *' 



Flooring. — The flooring of common road-bridges usu- 

* The sizes of beams recommended in the table are the nearest mercantile 
sizes that fulfil the requirements. This in some cases necessitates the use of 
beams in excess of that called for by the loads. It was thought best to use 
none lighter than the seven-inch beam for the twenty-feet panel-lengths, since 
shallower beams would be apt to spring to an undesirable extent. 
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ally consists of one course of plank, laid transversely to 
the stringers, and about three inches in thickness. Occa- 
sionajly two courses are used, in which case it is a good 
plan to apply to the lower course some of the wood-pre- 
servative processes, and the cost of such application can 
be balanced by using a cheaper grade of timber than 
would otherwise be proper — such as spruce. If wooden 
stringers are used, they may also be chemically treated, 
when the sub-floor can be regarded as measurably per- 
manent, the only renewals being that of the upper hard- 
wood plank, as it becomes worn. When two courses are 
used, the lower one should be not less than two and a half 
or three inches in thickness, and the upper two inches, 
which last, if laid diagonally to the lower course, will 
materially stiffen the floor as a whole. The planking is 
spiked directly to the stringers, if of wood, with spikes 
having a length of about double the thickness of the 
plank. When two courses are used, each course should 
be spiked down independently. It is not necessary to 
spike at each stringer intersection, every other one being 
sufficient ; but where spiked, there should be two spikes 
used, one at either edge of the plank. Where iron 
stringers are used, the simplest method of securing 
the floor-plank is to lay a spiking timber on either side 
of the roadway, and one or more between, to which the 
planks are fastened in the usual way. This arrangement 
avoids the necessity of using hook head-bolts, clinch- 
spikes, and other troublesome devices required if the at- 
tachment is made directly to the iron. On either side of 
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the roadway there should be bolted to the flooring, guará- 
timbers of hard wood, with the inside edge chamfered 
off to make a finish. These guards should be located far 
enough from the trusses to prevent the wheel-hubs from 
striking them, and they should be raised by means 
of blocking, at intervals of five or six feet, about three 
inches, to aid the drainage, and add to their effective 
height. Pieces of the floor-plank, about eighteen inches 
long, will be found convenient for this blocking. The 
guard-timbers had best have lap-joints,which laps should 
be about twelve inches long, and secured with two bolts. 
Where there are sidewalks, it is desirable to have them 
raised above the level of the roadway, which can best be 
done by means of hard-wood bolster-pieces, at intervals 
of about four feet, laid transversely with the stringers, 
and of a depth equal to the desired elevation of walk. 
With sidewalks projecting beyond the trusses, necessitat- 
ing a stiff independent railing, a rail-base should be fast- 
ened with two bolts to the ends of the bolsters, and have 
a projection of about three inches. This rail-base is usu- 
ally from twelve to sixteen inches in width, the upper 
edges being neatly chamfered, and the exposed surfaces 
planed. On the inside edge of the bolsters, and bolted 
to them, next the trusses, there should be a deep guard- 
timber,at least twelve inches higher than the walk, and if 
desired, as an additional precaution, a few slats can be 
spiked between the sidewalk and roadway-guards, cover- 
ing the otherwise open space between them, unless it 
happens that the roadway-plank are fitted around the 
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posts, and carried cióse up to the sidewalk. With the 
above arrangement for supporting the sidewalk, it is ne- 
cessary to lay the plank (about two inches thick) longi- 
tudinally with the bridge, spiking to the bolsters with 
two spikes at each intersection, It always makes the 
most satisfactory walk to have the planks narrow, and 
^dged to a uniform width. They should be laid one half 
inch apart to form drip-spaces, and in first-class work the 
npper surfaces of the planks should have been planed 
before laying, as well as that of the rail-base and inner 
guard. 

The planed surfaces ought to be well oiled, not alone 
as an inexpensive finish, but also to protect the plank in 
a measure from sun-cracking. The best kind of wood, be- 
yond all question, for sidewalk plank, is yellow pine. 
The cornice, of i J-inch clear pine, is fastened to the ends 
of the bolster-pieces, and a bold moulding is nailed 
under the projection of the rail-base. A very slight ex- 
pense will provide a neat scroU " drop " opposite the end 
of each floor-beam, which, trifling as it is, materially 
adds to the appearance of a bridge. The above descrip- 
tion of the floor may be considered a standard method 
for the general type for road-bridges ; but in important 
city bridges, floors should be made very much more 
durable than has thus far been customary in this country, 
except in a very few localities. It is true that durable 
floors, either of wood or stone paving, add vastly to 
the cost of a structure, increasing as it does the dead 
load to be carried, but in many cases it is warranted by 



PERMANENT FLOORING. 73 

the circumstances of heavy travel, the interruption to 
which through frequent repairs (as would necessarily be 
the cíise for an ordinary wooden floor) would cause great 

FORMS OF WROUGHT-IRON FLOUR-PLATES. 



X^ >#- 



inconvenience. Any kind of paving that may be used 
requires an iron floor, which may be made of wrought- 
iron plates, ^ to -ji^ of an inch in thickness, in the form 
of broad corrugations laid transversely, or buckle-plates, 
which are rectangular plates about 3 ft square, domed or 
crowned under pressure a height of three or more inches 
at the centre, and having flat edges on all four sides, to 
allow of riveting to the stringer-beams. The general 
appearance of these plates is that of a flattened dome. 
After the floor is tbus formed, it must be levelled off 
with well-made cement concrete, to a depth of four inches 
and upward, to forra a bottom for the paving. Th¡s 
concrete must be prepared with great care, as upon its 
excellence depends the protection of the iron plates from 
water, which, at the best, ít is veiy difiicult to keep from 
working its way through the roadway ; and as floor-plates 
are made from coraparatively thin iron, perfect immunity 
from rust is the price of their durability. In view of 
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this fact, as an additional precaution, after the concrete 
has been levelled off, or rather crowned to the usual street 
regulations, and had time to harden, it is well to coat the 
whole surface of concrete about an inch thick with as- 
phalt mixed with fine ashes, to add to its body, flashing- 
it up at least six inches against all projections where it 
would be possible for water to trace through and get at 
the iron of the flooring system. On the surface thus pre- 
pared, the roadway, gutters, and sidewalks are laid as in 
the ordinary street, only with greater care. A proper 
provisión for drainage must not be overlopked, and fre- 
quent spouts ought to be introduced to carry the water 
rapidly away, clear of the trusses. While Macadam and 
stone-block pavements have been used for bridge-plat- 
forms, they are enormously heavy as compared with 
wood, and, while more expensive in themselves than a 
wood-block pavement, add very largely to the general 
cost of all the iron-work, owing to their excessive weight 
Under most any circumstances, wood blocks are the best 
for bridges, and if they have a good, uniform bottom to 
rest upon, the conditions that have caused the failure of 
the wood-block pavements in most of our cities are re- 
moved. Blocks four inches deep will answer all require- 
ments for ordinary traffic, and a depth of six inches the 
heaviest The blocks should not rest immediately upon 
the prepared floor surface, but on tarred, well-seasoned 
plank, one inch thick, with a thin layer of fine sand in- 
terposed between the asphalt and the plank. 

Beam-Bridges. — Special notice is directed to the 
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construction of beam-bridges, as an economical substi- 
tute for the ordinary stone arch and culverts so much in 







FIG. 21. BEAM-BRIDGE — FLANK FLOOR 



use throughout the country. Apart from economical 
considerations, they afford an increased water-way, and 
thus avoid the liability to disastrous overflows during 
sudden freshets, as is almost sure to be the case when 
a freshet meets with an obstruction like an arch, which, 
if made large enough to easily pass extreme floods, 
would become comparatively a very expensive affair. 
There is hardly a town or village through which a brook 
runs, that has not suffered more or less damage through 
the incapacity of arch culverts to carry off the water of 
an unusual freshet Beam-bridges can very readily be 
carried up to spañs of 25 or 30 feet, and if properly 
designed, and the exposed parts occasionally painted, 
can be regarded as durable as the old-fashioned stone 
arch. The flooring of such bridges may be simply plank 
(Fig. 21), or it may be made permanent, as before de- 
scribed, with iron floor-plates and paving (as in Fig. 22). 
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FIG. 22. BEAM-BRIDGE — NICHOLSON PAVEMENT ON BUCKLE PLATES. 
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A very excellent floor is one made with brick arches 
tumed between the beams, and laid in cement mortar, 
very similar to the ordinary fireproof floor (see Fig. 23)^ 
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FIG. 23. BEAM-BRIDGE — TELFORD PAVEMENT ON BRICK ARCHES. 

The arches are levelled off with concrete, and the pav- 
ing, or Telford, laid on the concrete surface previously 
coated with asphalt For these bridges, solid roUed 
beams or compound plate-girders are used, spaced from 
3 to 5 feet apart, with tie-rods at intervals connecting 
their lower flanges. The compound beams, not being 
restricted in depth, and costing less per pound, will 
usually be found the mo§t desirable. The temptation to 
use thin web-plates in such girders, from motives of econ- 
omy, should be avoided, as a percentage of rust must be 
provided for, either on account of possible neglect, or from 
carelessly-laid brick-work and concrete, allowing water 
to trace in alongsidé of the inaccessible plates. Before 
brick arches are turned, a further precaution than those 
named should be used, and that is to thickly coat the 
girders with a tar paint of some kind. Perpetuating the 
life of iron-work is very often simply a matter of inex« 
pensive, preliminary precaution, which, if once realized, 
would be oftener put in practice than it is. 



WIDTH OF ROADWAYS AND SIDEWALKS- 

As to the proper width of roadways and sidewalks, 
where street regulations do not impose canying the 
whole width of the street over the bridge, the circum- 
stance of location is very occasional where more than 
two wagon-ways are necessary. Eighteen feet between 
the side-guard timbers are amply sufficient for all ordi- 
nary traffic, and in many cases sixteen feet wili be found 
sufficient. 

A greater width of roadway (excepting sufficient width 
is added for a third wagon-track) involves an unneces- 
sary expenditure of money, since the bridge, being pro- 
portioned for a certain number of pounds per square 
foot, each unnecessary foot in width, requires just so much 
more material, which rapidly becomes transformed into 
doUars, without a particle of advantage accruing. The 
great difference will be found in the floor, since the cross- 
beams increase in weight very rapidly, as the width of 
the roadway increases, and the number of stringers is 
also increased. A rule then to determine how wide a 
roadway should be made is to determine the minimum 
width, with a margin for clearance, for one wagon-way. 
Then two or three times, this, according as there is a 
double or triple wagon-way to be accommodated, will 
give the distance between roadway-guards. Sidewalks, 
if on either side, need not be made wider than four feet 
in the clear; but if only one sidewalk is to be provided. 
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Jiaving to accommodate travel in opposite directions, a 
width of six feet in the clear will be found sufficient. 

When bridges are of such span as to necessitate a 
lieight of truss requiring overhead sway-bracing between 
the trusses, a clear height of from thirteen to fourteen 
feet above the flooring will be found to answer all but 
«extreme requirements. 

WEIGHTS OF MATERIAL, ETC. 

In designing a bridge, the weight of the flooring 
must be first computed, and it is a fixed quantity, inde- 
pendent of the span, for the same width of roadways, 
sidewalks, and panel-lengths. It forms the principal 
part of the dead load in spans up to about icx) feet, and 
in addition to the weight of material of which it is com- 
posed, some consideration must be paid in northem cli- 
mates to snow-loads, which add to the dead weight ten 
to fifteen pounds per square foot. 

It is impossible to give a reliable rule for the dead 
weight of the iron and other materials entering into the 
construction of a bridge, depending as they do upon 
peculiarities of form and construction ; but the foUowing 
data, as far as it goes, will assist any one in determining 
this important preliminary in proportioning the parts of 
a given design. A yard of wrought-iron, having one 
square-inch section, weighs ten pounds. So that, know- 
ing the área in inches of a given piece of iron, all that is 
necessary is to multiply it by ten and divide by three, to 
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have the weight per lineal foot. A cubic inch of cast- 
iron will weigh ten per cent in excess of one quarter of 
a pound The weight of timber varíes according to its 
condition, whether diy or wet, a fair average being given 
as below : 

White pine, 3 Ibs. per sq. ft. B.M. 6 Ibs. for 2 in. plank. 9 Ibs. for 3 ín. 
Yellow " 4 " " •• " 8 " " " " 12 •* 
Oak " 4^** •• ** *' 9 •' " *• " 13J" 



«« *< 
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FOR PAVEMENTS. 

Wooden block, as Nicholson, 25 to 35 Ibs. per square foot. according 
to depth of blocks. 

Telfora and Macadam 130 Ibs. per cubic foot. 

Stone block 150 

SUPPORTS OF PAVEMENTS. 

Wrought-iron Buckle-plates. etc.. depending on thickness : a square 
foot of one quarter inch plate-iron weighs 10 Ibs. 

Brick-work, when turned arches are used 120 Ibs. per cubic foot. 

Concrete, for levelling off 1 10 to 130 '♦ " 

Gravel 120 " " " " 

Hard asphalt H© 
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THE MAINTENANCE OF IRON-WORK. 

This subject has not received the degree of attention 
which so costly a structure as an iron bridge warrants. 
Too often insufficient painting is allowed to remain as 
the only protection for years, the fast-accumulating rust 
either not being noticed, or is not seen, owing to the 
peculiar color of the paint which may have been used. 
Because a bridge is an iron one, it does not imply that it 
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requires no further care after it is once finished When 
iron is neglected, it is only a question of time as to its final 
destruction. A large bar will rust out only less rapidly 
than a small one, or a thick píate than a thin one, and 
there are circumstances of location that will cause rust- 
ing to proceed with varying rapidity, It is with a view 
to permanence of iron structures that it is recommended 
in no case to allow of plates or parts to be used less than 
one quarter of an inch in thickness, and perhaps five six- 
teenths of an inch would be still more desirable as a 
minimum thickness. It is further advisable to have iron 
bridges so designed that all parts of the work should be 
open to inspection, and within reach of the paint-brush. 
When not so designed, concealed surfaces should be her- 
metically sealed, so that by no possibility can moisture 
find its way within to work a sure destruction. Town 
authorities should insist upon more care being exercised 
at the construction-works, in preparing iron for shipment, 
than is usually given to such matters, particularly in 
times of cióse competition, when the profit of a con- 
tractor is made up from small economies. This extra 
care will amply repay the veiy small addition to the 
price that it would necessitate. 

At the manufactoiy, each individual piece can be ex- 
amined and protected with a care impossible to exercise 
after the parts are all assembled in position at their final 
location. All new iron, as it comes from the roUing-mill, 
has a scale on its surface easily detached under vibra- 
tion. More or less falls off while it is undergoing fabri- 
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catión into shape, but enough usually remains on, to 
render ineffective the paint with which it may be coated. 
This scale should be thoroughly removed at the shop by 
scraping, or with wire brushes, after which a priming coat 
will take hold. Some authorities recommend that before 
scraping off the scale, the iron should be allowed to rust 
slightly, as giving a better hold for the paint In any 
case, the paint should be thoroughly well rubbed into the 
surface, and the boiled oil and turpentine with which it 
is mixed, and on which its valué largely depends, should 
be of the first quality. AU things considered, the mineral 
paints prepared from iron ores are the best priming paints, 
since they are inexpensive, and therefore unadulterated, 
which can not be said of many of the red leads (a favor- 
ite priming paint with some engineers) in the market. 
Before shipment, iron surfaces that have had machine-work 
put upon them, called bright iron, should be coated with 
tallow, to which a body of white-lead has been given, 
After a bridge has beeñ erected, it should have at least 
two coats of tinted lead paints, care being taken that the 
brush reaches all the crevices about the joints, The color 
of the final coat or coats had better be of such a tint as will 
show the first indication of rust. All tints bordering on 
cream, buff, and different greys, answer this purpose excel- 
lently well ; and as an additional advantage, these tints 
form á pleasing and appropriate ground for decorative 
effect, occasionally required for first-class city bridges. It 
is recommended that all iron bridges should have two addi- 
tional coats of lead paint the second season after their 
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erection, which will last several years before requiñng 
renewal, and it would be good practice for the authorities 
of every county to examine their bridges systematically 
every spring for signs of rust, which, if discovered, should 
be attended to as soon as possible. In this way their 
bridges (if originally good ones) can be ntade to last for- 
ever. 

THE ARCHITECTURE OF BRIDGE- 

BUILDING. 

In the true sense of the term architecture, unadomed 
construction is as much a part of architecture as the more 
popular idea that it simply covers the art of producing 
pleasing eífects. A man can not be a good architect before 
he is a good constructionist, no matter how dextrous he 
may be in devising graceful forms, or artistic in his selec- 
tion of colors. In bridge-building, there is little room for 
artistic architecture, and any pleasing effect produced 
must grow out of consistency of design, and a thorough 
knowledge of the peculiarities of materials of construction 
and color. To an educated person, correct construction 
always produces a sense of satisfaction,for in it is in volved 
the idea of proportion and appropriateness for the ser- 
vice to which it is put. Concealment of constructive 
forms, by mouldings, panels, or other devices, to suggest 
something else than what the construction really is, is 
vulgar as well as dishonest. To construct a girder 
bridge, and give it the appearance of being an arch, il- 
lustrates what is here meant by falsity in architecture, 
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specimens of which more than one of our public parks 
contain. Possibly to bridges more than to any other 
class of public works does the Ruskinian axiom (which 
can not be repeated too often) apply : " Decórate the 
construction, but not construct decoration." Such a 
principie conscientiously kept in view can not but result 
in else than good work. Its violation results in a sense- 
less fraud, demoralizing to the taste of the community 
where such violations may occun Public works, in a 
certain sense, play a part in the education of a people, 
and their authors and builders have consequently, to that 
extent, ^ responsibility in addition to the mere utilitarian 
idea of endurance and safety. The ideas herein ad- 
vanced are not novel ones by any means ; but they can 
not be enforced too often, when in this boasted age 
of culture and civilization a community will permit the 
huge architectural fraud of the Fairmount Bridge over 
the Schuylkill at Philadelphia, and hardly yet completed. 
Constructively, this bridge, with its double tier of floors, 
spanning the Schuylkill, in a single stretch of 340 feet, 
is a monument to its designer and an honor to Ameri- 
can engineering. Instead, however, of letting the enor- 
mous trusses stand in all their grandeur, depending 
whoUy upon judicious painting and the design of the 
comices and railing, etc., for their aesthetic eífect, 
thousands of doUars have been spent in actually cover- 
ing up the trusses to a great extent with sheet-iron, form- 
ing an arcade as it were of great massiveness, by arching 
between the posts of the trusses, the arches springing 
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from large Román sheet-iron capitals about half way 
down the posts ! The result is that, at a little distance, 
the spectator beholds an arcade, without any visible 
means of support for a distance of 340 feet To be 
thoroughly consistent, the architect (heaven save the 
ñame !) of this constructed " decoration " should have at 
least sanded his sheet-iron when painted, and marked out 
in strong lines the joints that masoniy of similar forms 
suggests. About one mile north of this bridge, a noble 
structure spans the Schuylkill, the Girard Avenue 
Bridge, as it is called. As an engineering accomplish- 
ment, it stands in no comparison with the bridge at 
Fairmount, the spans being much smaller, and only a 
single roadway (of paved granite) is carried on the 
upper chord, it being a " deck-bridge." Architecturally , 
it is certainly one of the finest, if not the very finest, 
bridges in America ; while in the same sense the Fair- 
mount bridge is the worst, and probably the worst in 
the world. The Girard Avenue is an example of puré 
decorated construction, and the writer is aware of nó place 
in this country where the principies for which he has 
been contending can be so well illustrated as in the case 
of these two Philadelphia bridges. A thirty-minutes' 
walk will carry a spectator between these two extremes 
of very good and very bad bridge architecture. 

As before remarked, a truss-bridge presents little 
opportunity for architectural effect, further than what is 
due to correct construction, and the taste shown in the 
colors with which it is painted. In a through bridge, 
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and where the span is such as to necessitate a depth 
of truss requiring overhead sway-bracing, neat comer- 
brackets (either of wrought or cast iron) connecting the 
vertical posts with the horizontal struts of the upper 
sway-bracing, may be appropriately introduced, since 
they act as knee-braces, materially stiffening the trusses 
against vibration. They may be made constructively 
useful and artistically pleasing. In those designs involv- 
ing the use of cast-iron joint-boxes between the upper 
chord sections and posts, these boxes may be cast with 
neat mouldings and necks, forming capitals for the posts, 
in any conventional architectural forms. The effect of 
such caps should depend entirely on the strength of the 
mouldings, and not on detached leaves and pieces 
screwed on after the casting is finished. 

When trusses terminate in vertical end-posts, there is 
considerable room for good effect, in making the neces- 
sary stiffening end struts or portáis of such form as to 
embody true architectural expression. Such a design 
may be worked out either in cast or wrought iron with 
an appropriate degree of elaborateness. In doing so, 
however, the main lines of the portal must form an in- 
tegral part of the construction, contributing to stiffness, 
and any appearance of brackets, arches, scroll-work, etc., 
hanging from a horizontal strut, must be avoided. The 
capitals of end-posts, when vertical, can be made a very 
prominent feature of the portal design, inasmuch as a 
large casting is usually required at the juncture of the 
end-post and top chord to accommodate the large main 
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end-braces terminating at tbat point. When economy 
of design dictates the use of inclined end-posts, the por- 
táis will produce the most favorable effects, by confining 
the architectural eífort to the expression derived from the 
simple bracing-bars. An arch-portal of angle or T iron, 
with the spandrils fiUed in with lattice-work, or broken up 
into triangles with bracing-bars, is simple and expressive, 
and exceedingly appropriate. The lattice intersections 
can be omamented by small rosettes or bosses, and the 
two halves of the portal-arches can be united properly 
with a half-circle or other form of centre-piece, while at 
the springing, where they are bolted to the sides of the 
end-posts, a neatly-designed bracket or shoe will not be 
out of character. It is exceedingly difficult to design 
the portáis for inclined end-posts so as to look well, since 
they are viewed obliquely, and it will be found in such 
cases that simplicity of design growing out of an agree- 
able arrangement of constructive necessities will always 
give the best results. The appearance of a roadway-bridge 
having sidewalks is very much enhanced, and at a very 
small cost, by neatly-designed railings, with a deeply- 
moulded fascia-board, to which may be added scroU- 
drops opposite the ends of the floor-beams. 

It is not necessary that such railings should be ex- 
pensive, a light lattice railing of wrought-iron, with one 
or more intersections, with or without rosettes, always 
looking well and harmonizing with the constructive 
character of a truss. The cheap gas-pipe railing is so 
positively ugly that its use ought te be banished to those 
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country districts where it is rarely seen. Well-designed 
newel-posts, lamp-posts, and brackets are features of a 
design where a cultivated taste may be excrcised, and 
form no small part of the prominent accessories of public 
works of this character. This matter of treating bridge 
constructions as architectural works, in the true sense of 
that term, deserves the most thoughtful consideration of 
engineers and committees, as bridges nearly always form 
prominent objects of observation in cities and towns, 
particularly when across large watercourses, They are 
seen by every one, and therefore in those portions and 
surroundings capable of aesthetic treatment, some regard 
should be paid to appearances. A plain four-walled 
building — as ^ court-house for example — might answer 
every requirement for public purposes, but the demands 
of modem civilization require that a large expenditure 
must be made for what is called " architectural effect," in 
order that a certain gratification may be derived by the 
community where it occurs, springing from the con- 
templation of pleasing forms. Nothing has been said 
about masonry design, as in these pages we are simply 
dealing with the superstructure, but as the masonry 
forms part of a bridge design when taken as a whole, the 
form of piers, abutments, character of masonry, coping, 
etc., it must not be forgotten, leave abundant room in 
many cases for the exercise of correct aesthetic treatment. 
There are very few who can not appreciate a well-pro- 
portioned pier, with its ice-breaker, heavy coping and 
belting courses, well-laid, rock-faced work, and chisel- 
drafted comers. 
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TESTING. 

As to the utility of testing individual pieces of work 
during manufacture, opinions diífer, but it is unquestion- 
ably a wise procedure, in the case of welds in main ten- 
sión bars, as imperfections of workmanship and material 
(if any exist), undiscoverable by the eye, will be very apt 
to be developed under strain. To avoid injury, it is ad- 
visable that this proving should not be carried beyond 
say nine tenths of the elastic limit ; thus a bar with an 
elastic limit of 20,000 Ibs. per square inch should not be 
tested much beyond 18,000 Ibs. After erection, all 
bridges should be tested with loads approaching as near 
as possible the máximum loads for which* they were de- 
signed. Railroad-bridges are very readily tested, but 
highway-bridges can only be tested at considerable ex- 
pense. Pig-iron, or paving-blocks when convenient, are 
probably the best artificial loads that can be used, as they 
are readily handled and distributed. An excellent, though 
expensive, method of testing, and one of universal appli- 
cation, is to distribute gravel in a uniform layer over the 
whole área of roadway, and of such thickness as to equal 
the load which the bridge was designed to carry. Inas- 
much as the weight of gravel and earth varíes according 
to locality and degree of moisture when excavated, before 
a proposed test is made, a cubic foot of the testing mate- 
ríal must be weighed to determine the proper thickness 
to be put on the bridge. In order to judge the result 
properly, means must be used to measure the deflection 
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of the structure undergoing the test, which may be 
done by observations with a levelling instrüment, or 
when convenient (as in most cases) by planting a pole 
or measuring-rod alongside of the span at the centre, as 
follows: After the bridge is completely finished, and 
come to a natural bearing under its own dead load, ob- 
serve the position of any part, say the lower chord at cen- 
tre, with reference to the position of the instrüment or 
measuring-pole. Then apply the test load, and measure the 
amount of deflection caused thereby. Remove the test, 
and observe again how near the bridge retums to its first 
position. This it will do if the bridge is well built, less 
a small fraction due to that peculiar quality of wrought- 
iron which is called " permanent set," which takes place 
under comparatively very small strains. The set here 
spoken of must not be confounded with that taking 
place after the elastic limit is reached, but simply means 
that the various parts of the bridge have come to a 
working bearing. If the test load is now applied for the 
second time, as it always should be, it would be found 
that the deflection would be precisely the same as it was 
before, under the first test, and so also the amount of re- 
covery after the load was removed. To make a real 
test, this second application of the load, with accompany- 
ing observations, should not be omitted. To illustrate : 
suppose, at the first loading, the deflection was two 
inches, on its removal the span recovered itself within 
one eighth of an inch. This proportion of the deflection 
is permanent, due to the span coming to its bearing, and 
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will forever exist The second loading would now pro- 
duce a deflection of i \ inches instead of 2 inches, as at 
first, the total i \ plus ^ of an inch being precisely the 
amount of the original deflection. Upon removal of the 
load, the recovery would be i J inches, the same as before, 
Bridges ought always to be built with a camber or up- 
ward curvature, which camber at a minimum should not 
be less than the deflection caused by a máximum load- 
ing. Beyond this the amount is purely a matter of taste 
with the designer, it having nothing whatever to do with 
the strength of the work. 

BRIDGE-LETTINGS. 

In the matter of " Lettings," it frequently happens, 
that parties with the best intentions make mistakes 
against themselves in their award, simply from ignorance 
of what they really do want, and by so doing are apt to 
work an injustice toward competing parties, that is pro- 
vocative of suspicion and ill-feeling all around. With a 
view to aid in a clear understanding of how bridge-let- 
tings should be conducted, in order to secure the best re- 
sults at the least cost, the foUowing forms of invitation 
and specification have been prepared, in the hope that 
they will save well-meaning committeemen much per- 
plexity. 

While the forms recommended are brief in expres- 
sion, they cover all the salient points necessary for a fair 
competition. The speciñcations are general, and should 
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be made so, as the best work is obtained by permitting 
bridge-builders to have full latitude of design, under no 
other restrictíon than that of requirements and materíaL 
These should be made so dear that no refuge for evasión 
may be found under technicalities. To make a just com- 
parison of pricesy competing parties must estímate upon 
precisely the same basis, or endless confusión will result 
in any effort to make a fair canvass of tenders. It is re- 
commended, in all cases of a bridge-letting, to cali in the 
services of an expert — ^not simply a general engineer, but 
one familiar with the science and practice of bridge- 
building, for the purpose of examining the strain-sheets 
submitted with the tenders, and comparing them with the 
specifications on which bids were taken. His services 
should be continued throughout the building of the bridge, 
the work on which, however, should not be commenced 
before all detail drawings have been made by the con- 
tractor, and submitted to the expert for criticism and ap- 
proval. If it is inconvenient to employ such an inspec- 
tor through the continuance of the work, he should be 
called in at its completion, to make a thorough examina- 
tion as to the material and execution, in accordance with 
the contract and specification. A suggestion was made 
in a report* to the American Society of Civil Engineers 

♦ Report on the " Means of Averting Bridge Accidents," by James 
B. Eads ; C. Shaler Smith, of St. Louis ; I. M. St. John, of Louisville ; 
Thomas C. Clarke, of Philadelphia ; James Owen, Newark, N. J. ; Alf. 
P. Boller, Octave Chanute, and Charles Macdonald, New- York ; Julius 
"W. Adams, of Brooklyn, and Theodore G. Ellis, of Hartford, Ct.~ 
Transactions American Society Civil Engineer s^ 1875. 
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on the subject of " Bridge Accidents," which deserves the 
very serious consideration of town authorities. It was to 
the efFect that every bridge built should have a tablet fix- 
ed upon it in a conspicuous place, on which should be in- 
scribed the ñame of the builder, the expert inspector, the 
ñames of the committee or Corporation officers under 
whom built, the load for which it was proportioned to 
cariy , with factor of safety and date of erection. Such a 
method of procedure tends to fasten responsibility, which 
is a powerful incentive to honest, conscientious work, and 
if every State passed a law covering the abo ve suggestion,. 
there would in a short time be a surprising improvement 
in the design and construction of highway bridges, al- 
though that improvement would be accompanied with an 
increased cost. 

It will be noticed, in the last clause of the form for 
" Invitation," bidders are requested to be present at the 
opening of the bids, and hearing them read. This is 
simple justice ; and when one considers the time required 
to make plans and estimates, even for a small piece of 
work, to say nothing of the expenditure of money inci- 
dent thereto, with probable travelling expenses in addi- 
tion, ño fair-minded man can object to rendering at least 
what satisfaction may be derived from the public opening 
of tenders. Bids secretly opened always lead, whether 
justly or unjustly, to the suspicion of unfair practices, an 
imputation that can be readily removed by the method of 
publicity suggested, a method which can be objected to- 
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by no one, unless those whose mode of doing business 
seeks darkness rather than light 

PROPOSED FORM OF INVITATION TO , " BRIDGE-BUILDERS.. 

, 187 

The undersigned committee of 

will meet at at .... o'clock, on the 

.... day of , for the purpose of receiving plans 

and proposals for the fumishing of all material, the con- 
struction and erection of a wrought-iron bridge over 

, agreeably to the specifictions 

hereto annexed. Parties tendering must fumish a clearly 
made-out strain-sheet of their design, with the data on 
which it was computed,and^showingalso the áreas of ma- 
terial proposed to be given to each part. Bidders are 
requested to be present on the above occasion, when all 
the proposals will be opened and read in their presence. 
The right to reject any or all bids is reserved. 

Signed by the Committee, 



PROPOSED FORM OF STANDARD SPECIFICATION FOR OR-- 
DINARY HIGHWAY BRIDGES, WHEN INVITING TENDERS. 

General Description. — The bridge will be a 
(through or deck) bridge, consisting of ... % spans, and 
will have a roadway of .... feet between guards, with 

sidewalksof .... feet in the clear each. Sidewalks 

to be raised .... inches above level of roadway. 

Thé distance from grade to bed of stream (or from 



"94 IRON HIGHWAY BRIDGES. 

grade to grade of roads crossing each other) is feet. 

From grade to highest water is feet, and the centre 

line of the bridges makes an angle of .... degrees (to 
the right or left), with the face of abutment or piers. 

LoADS TO BE Carried. — Thc bridge must be propor- 
tioned to carry, in addition to its own weight, .... Ibs^ 
per square foot (see table, page i6) of moving load, 
starting at one end, and moving over until the whole 
span is covered, in addition to which the flooring system 
must be proportioned to cariy .... tons (of 2000 pounds) 
on each pair of wheels for each wagon-way, and due con- 
sideration must be given to the eífect of this concen- 
trated loading upon the posts and tension-braces of the 
trusses. The stringer-beams and floor-beams (to be 
wood or iron, as desired). 

Factor of Safety. — Under the above loading, the 
factor of safety referred to ultímate strength, shall be for 
the chords (4 or 5), for the web system 5, and for all 
parts of the floor system (5 or 6). 

Material. — ^The wrought-iron used shall be of that 
quality best suited to the purpose, the test for bars being 
that pieces cut therefrom shall be capable of being bent 
cold without fracture, until the two sides of the bend 
shall approach each each other within the thickness of 
the bar. No iron in small bars to be used with an ultí- 
mate strength of less than 55,000 pounds per square inch, 
or an elastic limit of less than 24,000 pounds per square 
inch. Castzngs must have a clean skin, free from holes 
or cinder and expose when broken a fine-grained grey 
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fracture. Lumber must be of a good, merchantable qua- 
lity, sound and free from black or loóse knots and 
wind-shakes, and not have sap on more than three cor- 
ners for planks, or on two for stringer-timbers, or wany 
edges on more than one comer. For roadway plank the 

lumber will be of three inches thick, for side- 

walk plank, two inches thick of , and for string- 

ers pine will be required. 

CoNSTRucTiON. — lu piu-conuection designs, the pins 
must be carefuUy turned to match the holes of the seve- 
ral parts of the trusses through which they pass, with a 
minimum play of a scant -^ of an inch, and in diameter 
must not be less than ^ the width of the largest bars 
they connect, if of flat iron, or if the bars are of square 
iron the diameter must not be less than if times the 
side of the largest square. The heads of eye-bars must 
have at least 50 per cent of effective section more than 
in the body of the bar. The bearing surfaces of the 
compression members on the pins must be effectively re- 
inforced, so that the minimum thickness in inches of such 
surface will not be less than the result derived by divid- 
ing the máximum strain as shown on the strain-sheet 
in pounds, by 12,000 times the diameter of the pin. 
AU bearing surfaces must be machine-faced, and any dis- 
crepancy in length between all parts in the same panel 
must not exceed -^ of an inch. Where rivets are 
used, serving to transmit strain, and not simply for the 
purpose of securing parts in posztton, they should be pro- 
portioned as to number and size by considering the work- 
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zn^- valué of each rivet to be equal to its diameter, muí- 
tiplied by 12,000 pounds, multiplied by the thickness of 
the thinnest píate. The plates and angle-bars subject to 
tensión, under such riveted construction, must have an 
allowance made up for the área cut out by the rivet-holes. 

Pin-connection work and solid section iron will be 
considered to have an advantage of 10 to 20 per cent 
over and above riveted or compound work. The spac- 
ing of the rivets must not exceed five inches between 
centres, and in the flanges of plate-girders this pitch 
must be reduced as the ends are approached, according 
to the valué obtained by the above rule for the propor- 
tioning of rivets. Before shipment, all iron must have a 
thorough coating of mineral paint, well rubbed in, and 
all bright work must be protected with white-lead and 
tallow. 

To the above specifications must be added the degree 
of finish reqüired, such as the painting after erection, the 
manner in which sidewalk is to be laid, whether the plank 
is to be planed, etc. ; also the kind of railing desired, 
whether plain or ornamental, and proposed arrangements 
for lighting. 



PART II. 

THE STRAINS IN GIRDERS AND SIMPLE 

TRUSSES. 

All questions involved in the consideration of this 
subject resolve themselves into mere questions of lever- 
age, of greater or less complexity. It is by means of the 
law of the lever that we are enabled to determine pre- 
cisely what portion of a given weight resting on a 
beam is sustained by either point of support, which is 
the first thing to be determined before the strains can be 
computed. The law is simply this : " The weights bal- 
ancing each other at either end of a beam or lever over 
any point, are to each other inversely as their distances 
(called lever-arms) from the point or fulcrum." For ex- 
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FIG. 24. 



ampie, supposing we have a beam held up as in Fig. 24, 
with a weight at either end, the point of support be- 
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ing to one side of the centre, say at J the length of 
the lever from one end. Then, in order that the lever 
be balanced, the weight at B must be J the sum of A 
and B, and that at A, f that sum ; for always B multi- 
plied by I S must equal A multiplied by i S, and the 
sustaining forcé P must, of course, equal the sum of A 
and B. For example, suppose P, or A plus B, is 1 2 tons, 
and the span S is 20 ft For equilibrium, the proportion 
of the 1 2 tons at A is in excess of that at B, precisely in 
the proportion that the lever of B exceeds that of A — 
in this case, 3 times. A, then, must be 9 tons, and B 3 
tons, and J S multiplied by 9 equals 45, being the same 
as I S multiplied by 3. Again, supposing that there is 
but one weight, and two points of support, as in the 

A E 

4< A- 



Mí S...X-.. % s >| 



FIG. 25. 

figure, the condition is precisely the same as before, only 
reversed, and, according to the law of the lever, we find 
that for equilibrium a forcé must be applied to A equal 
to I of P, and at B equal to \ P. This last example is 
precisely the same case as that of a beam or truss of any 
kind, only A and B are now called the reacttons of the 
abutments, the sum of which must always be equal to 
the weight or weights causing them. In order then to 
know just how much of the weight at any point of a 
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beam is supported by either abutment, all that is neces- 
sary to be done is to multiply the shorter or longer seg- 
ment into which its centre of gravity divides the beam 
(according to the above law) by the weight, and then 
divide W the product by the sum of the segments, which 
is, of course, the same as the spaa For example, sup- 
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pose we have a beam A B (Fig. 26) 20 ft long, and there 
is a weight of 1 2 tons, \ the distance from B, or 5 ft. 
Then each abutment supports or "reacts" a certain 
amount of this weight proportional to its distance from 
either end, the sum of these reactions bemg equal to 
the weight A supports or reacts according to the rule : 

12 tons X 5 ft. ^ , T^ .12 tons x 15 ft. 

15 ft. + 5 ft. ""= 3 tons; and B supports -¿-57:^-^7-- =9 tons. 
Adding these two upward reactions, there results a total 
of 1 2 tons, the same as the whole load at P acting down- 
ward. Any number of weights are to be treated in the 
same way, the sums of their sepárate reactions being the 
total reactions or weight supported at each abutment 
Any weight or forcé multiplied by the leverage at which 
it acts is called the moment of that weight or forcé. The 
leverage or lever-arm of any forcé is the perpendicular 
distance let fall from the point around which its moment 
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is taken (or the "fulcrum") upon the direction of the 
forcé. Thus if we have a forcé P (Fig. 27), and the ful- 




FIG. 27. 

crum about which it acts is A, then / is the lever-arm of 
that forcé, and P multiplied by / the moment Since the 
tendéncy of a forcé acting with a lever is to produce 
motion, and it beifig evident that aJl the forces acting 
at any given point of a beam or truss can not act in 
the same direction, it foUows, if equiHbrium is to be 
maintained, the sum of all tendencies to move in one 
direction must equal those in the opposite direction, or 
their algébrale sum be zero. 

The ordinary crowbar (Fig. 28) is a familiar every- 




FIG. 28. 



day example of the " principie of moments" above ex- 
plained. Suppose a man presses down with a forcé of 
ICO Ibs., distant 4 ft. from the fulcrum A. The moment 
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of this pressure is loo Ibs. multiplied by 4 ft., or 400 feet- 
pounds, as it is called, and it acts, with reference to the 
fulcrum, toward the lefL The weight that will just 
balance this moment acts toward the right, with a lever 
of 6 inches, or one half a foot ; and since the moment of 
this weight must equal the moment of the pressure, the 
weight itself must be 800 Ibs. For 800 Ibs. multiplied 
by one half of a foot equals 100 Ibs. multiplied by 4 ft. 
To absolutely move or destroy the equilibrium of a 
weight of 800 Ibs. circumstanced as above would require 
the man to just exceed a pressure of 800 Ibs., barring the 
resistance due to friction. 

In any beam or truss, there are two sets, as it were, of 
forces in action, called exterior and interior forces ; one 
tending to break the beam through bending, and the 
other tending to resist breakage. The former are de- 
rived from the weight of the beam and the loads placed 
upon it, and the other from the resistance of the mate- 
rial, in which is involved the form of cross-section. 
When a beam is bent by the impositiori of a load, it is 
accompanied with a puUing apart of the fibres on the 
convex side, and a crowding together of those on the 
concave side. The one signifies tensión, and the other 
compression, and in passing from one extreme to the 
other, there must necessarily be a set of fibres without 
strain. Where these unstrained fibres occur is called the 
neutral axis of the beam, and its position is, in all cases 
when the load is vertical, in the centre of gravity of 
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the beam-section. The annexed illustrations (Figs. 29 
and 30) show in an exaggerated way this extensión 
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FIG. 30. 

and shortening of the fibres, and it will be noticed that 
the fibres lengthen or shorten proportionately to their 
distance from the neutral axis. The relative intensity of 
the strain is also measured by the relative changes in 
length of the fibres. At the neutral axis, the fibres being 
unchanged in length, there is no strain ; but on the ex- 
terior surfaces, the top and bottom of the beam, the 
fibres are lengthened or shortened a máximum amount, 
and the strain is there a máximum. In further illustra- 
tion of this principie, suppose there is a rectangular beam 
(Fig. 31) of which A B C D represents a side view, with 
the neutral axis M N passing through the centre of 
gravity. When the beam is loaded with a weight W, it 
will deñect, due to the shortening or compressing of the 
fibres on the upper surface, and lengthening those on the 
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lower, as before explained. Let a b and a b' represent 
the extreme changes in length of the fibres on the outer 
surfaces. Then, since the strain at centre is nothing, if 



FIG. 31. 



we draw two triangles either way from the centre to the 
points of extreme strain, the strain on any fibre will be 
represented by the length intercepted by the sides of the 
triangles aO and bO and a O and b' O. 

Summing the changes of length of all the fibres in 
either triangle, there results the representation of the to- 
tal amount of the tensile and compressive strains, or, 
what is the same thing, the sum of the strains may be re- 
presented by the áreas oí the triangles, their mean effect 
taking place at the fibres of mean length, or the centres 
of gravity of the triangles, which is one third their height 
from their bases, or two thirds the distance above or be- 
low the neutral axis. This mean effect is represented in 
the figure by the forces P and P'. These two forces, 
acting in opposite directions, and parallel to each other, 
constitute what is called a couple, their leverage of 
action being their distance apart, which lever is also the 
effective depth of the beam, To determine the resistance 
of a rectangular cross-section, let C equal stress on out-^ 
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side fibre represented hy aó or a'6\ ¿/= depth of beam, 
and let the width of beam be taken as unity. Then from 
what has preceded we have the average forcé P or P' 
(equal to the áreas of either triangle or ^ C X i ^= P) 
multiplied by the leverage of action, or the distances 
apart of the centres of gravity of the triangles. That 
is to say,^P=i Cxi dx^d=-^ C d\ For any 
breadth b other than unity, this expression becomes 

p b cP r^ aiea of cross-section v // í^ í f\ 

6 6 ••..-•••.•••.•••y^y 

This is a general expression for the resistance of any 
beam having a rectangular cross-section, and is called 
the moment of resistance of the cross-section (usually 
designated by the letter R). When this valué equals 
that due to the weight multiplied by its leverage 
of action, called the moment of rupture, or M, there is 
perfect equilibrium between the rupturing and resisting 
forces, or, in algebraic expression, " M " = " R." 

The constant C is called the modulus of rupture, and 
were it not for certain discrepancies that occur in the re- 
sistance of material when subjected to direct compression 
or tensión, and to cross breaking, its valué would be 
given experimentally by the forcé necessary to tear apart 
or compress a bar of a given material. It is unnecessary 
in this place to point out what these discrepancies are, 
tut simply the fact. Professor Rankine recommends 
that the valué of C for any kind of material be deter- 
mined by taking eighteen times the forcé necessary to 
break with a centre load a bar one inch square, placed 
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on supports one foot apart Bearing in mind the prin- 
cipie of the equality of moments of rupture and resist- 
ance necessary for perfect equilibrium, as previously 
explained, the foUowing application to beams differently 
circumstanced will cover the requirements of ordinary 
practice. 

Beam loaded at one end, fastened at 
the other. Máximum moment of rup- 
ture occurs at point of support. The 
lever which produces this is the length 
of the beam, or /. 
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FIG. 32. 



M max - w / = R and W = ^ 



(2) 



Beam supported at one end, and uniformly 
loaded with w units per foot ; wl will be 
therefore the total load, the centre of gravi- 
ty of which is in the middle of beam, or 
leverage of action to produce mean moment 
of rupture is \ 1. 
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Beam loaded at centre with W, and sup- 
ported at both ends, length /. Lever- 
age of action i /for the reaction of either 
abutment, the fulcrum being immediate- 

ly under the weight. 

W/ 
]Vimax_-^W xi/=— = R and W = 
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Beam uniformly loaded with w per unit 
of length, giving wl for total load — 
supported at both ends. Máximum 
moment under centre gravity of load, 
lever i /. Reaction of either abutment 
i the whole load. 
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It will be noticed this last expression is obtained by 
subtracting that portion of the load between the abut- 
ment and centre that acts in a contrariwise direction to 
the reaction of the abutment. 

If the loads are placed in any other position, or are 
only partial, M can always be found by first finding the 
reaction of either abutment (page loi), and multiplying 
that reaction by the distance from the abutment to the 
point where M is wanted. The reaction being upward, 
if there are any weights (which act downward) between 
the abutment and point of desired M, they must be mul- 
tiplied.into the leverages with which they act around 
that point, and their sum deducted from the product of 
the reaction and its leverage before found. This is the 
principie that had to be applied to the circumstance of 
loading shown in Fig. 35. As an example of the applica- 
tion of these formulae : suppose in all cases the material 
is a pine stick 10" X 10" X 10 feet or 120 inches long. 
We require to know the breaking load under each con- 
dition of loading, C being 7000 Ibs. See formula ( i ) : 

No. 2. W = y == ^'^6^x'i2o'' '"" — 9722 Ibs.— hung at 
one end. 

T^T 2R 2 X 7000 X 100 X 10 z: lU T 

No. ^. ze; = -15- = -i = 162 Ibs. per li- 

X ^ v^. ^. t*' ^ ^ ^ 14,400 ^ 

neal inch = 1 9,440 Ibs. uniformly distributed. 

No. 4. W = ^ = " " Tx'ir ' " = 38,888 Ibs.— 
supported in middle. 

N8R 8 x 7000 X 100 X 10 y- ^o 11 ^ ^^^ 1; 

o. 5. a; = -^ = \^^^^^ = 648 Ibs. per li- 
neal inch = 77,760 Ibs. uniformly distributed. 
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Now, assuming a safety factor of five, the safe load 
to which the above stick should be subjected would be : 

One end fixed, the other free ; weight at free end. . . . 1944 Ibs. 

One end fixed, the other free ; weight distributed 3888 Ibs. 

Both ends supported ; weight concentrated at middle. 7777 Ibs. 
Both ends supported ; weight uniformly distributed. . . 15,555 Ibs. 

It will be noticed from this example that, taking the 
first case as having a strength of one, with the second 
condition of loading and support, the stick will sustain 
twice as much, with the third four times as much, and 
with the fourth condition eight times as much. The 
third and fourth conditions are those that apply to the 
longitudinal stringer-beams of a bridge, and from formu- 
las 4 and 5 has been computed the following table for 
different spans or panel-lengths and depths of stringers, 
the thickness being for a unit of one tnch. The modulus 
of rupture C for pine has been taken at 8000 Ibs. with a 
factor of safety of szx, 

TABLE GIVING A SAFE CENTRE WORKING LOAD IN POUNDS 
FOR ANY DEPTH OF PINE STRINGER AND A UNIFORM 
WIDTH OF ONE INCH. 









Clbar Span in Fbbt 








Depthin 
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loches. 




















6 feet. 


8 feet. 


xo feet. 


xa feet. 


14 feet. 


x6 feet. 


x8 feet. 


30 feet. 


6 


443 


333 


266 












7 


602 


454 


363 


302 










8 


787 


593 


474 


395 


338 








9 


996 


750 


600 


500 


428 


375 






10 


• • • 


927 


741 


617 


529 


463 


411 




12 


• • • 


• • • 


1067 


888 


761 


666 


591 


527 


H 


• • ■ 


• • 


• • • 


1209 


1036 


907 


805 


717 


16 


• • • 


• • • 


• • • 


• • • 


1354 


1185 


1052 


938 
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For safe, uniformly distributed loads, double the 
loads given in the table. 

To use the above table, the weight to be carried in 
the centre of a given span is first determined, and then 
select any depth for the beam, and foUow along the hori- 
zontal line until below the span at top of column. The 
number there found will be the safe load in pounds for a 
beam of the given depth and one inch thick. Divide 
the weight to be carried by the number of pounds found 
from the table, as above, and the result will be the width 
in inches required for the beam. Thus, for example, it 
is required to know how thick a piece of timber should 
be that is lo inches deep, spanning 12 feet to carry 3000 
Ibs. hung in the middle, or, what is the same thing, 6000 
Ibs. uniformly distributed. Opposite 10 in the first col- 
umn and below 12 in the fifth column, we find 617 Ibs., 
the safe load for one inch thick. Dividing 3000 by 617, 
we find the timber should be a shade less than 5 inches 
thick. The foUowing table is given as showing judicious 
sizes for the wooden stringer-beams for the various 
classes of bridges, and for varying panel-lengths. In 
judging this table, it is to be considered that the standard 
wheel loads recommended in Part I. are extreme, and 
therefore very occasional, so that a much lower factor can 
safely be used for such loads. Under these circumstances, 
if the stringers are of good timber, they can safely be 
proportioned for a working stress of 1500 Ibs. per square 
inch. 
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Span orpanel-length. 



8 feet. 



10 

12 

14 
16 

18 

30 



Sbe Stríngen for 
City Bndges. 



3 
4 
4 
4 
4 
4 
4 



X 
X 
X 
X 
X 
X 
X 



10 
10 

12 

13 

14 

15 
16 



Size Strín^rs for 
Town Bndges. 



3 X 10 

4 X 10 

3i X 12 

4 X 12 

4 X 13 

4 X 14 

4 X 15 



Size Stríngen for 
County Bndges. 



3x9 
3 X 10 

3 X II 

3 X 12 

4 X 12 

4 X 13 
4 X 14 



Thus far we have been dealing with rectangular 
cross-sections ; but bearing in mind the explanation made 
as to the stresses on the different fibres of a beam with 
reference to the neutral axis, it will be at once seen hovv 
wasteful it is to have so much material near the neutral 
axis, where it is of so little service. If the material were 
90 disposed as to be principally in the upper and lower 
portions of the beam, the strength of the beam would 
be largely added to. With wood, other than a rectangu- 
lar section is evidently out of the question ; but in iron, 
the true form for the most economical distribution of 
material is a necessity in practical construction, and is 
readily attained by concentrating most of the metal in 
the upper and lower portions or the " flanges," the stem or 
web being just stout enough to properly unite them, and 
to resist the tendency of one part of the beam to slide 
vertically or horizontally past the other under the direct 
action of the load, called the shearing tendency. For 
example, the accompanying cut, Fig. 36, represents the 
vertical shearing tendency of a load, which is least at the 
centre and greatest at the abutments, as each section 
either side of centre must take up the shear of each 
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preceding one. Solid rolled beams are manufactured in 
this country from 4 inches deep, with 3-inch section, to 




FIG. 36. 

15 inches deep, with 20Ínch section. Their ordinary 
length up to and including the 9-inch beam is 30 feet. 
The beams exceeding 9 inches have an ordinary length 
of from 20 to 25 feet, according to weight. Beams are 
often rolled beyond the commercial ordinary length ; but 
the cost of extra lengths increases very rapidly with such 
excess. 

To determine the " Moment of Resistance " of flanged 
beam sections, we must consider first the resistance due 
to the rectangular web, and, secondly, that due to the 
flanges. The resistance due to the web portion has 
already been shown to be equal to one sixth of its área 
multiplied by its height, being the same as a rectangular 
section. That of the flanges is the área of either one 
multiplied by the distance apart of their centres of gra- 
vity, which, when added to the resistance of the web, 
gives the total resistance of the section. The web 
should not be taken the whole depth of the beam, 
but only from ñange to flange. Thus, suppose we 
want to know " R " for the beam proportioned as in Fig. 

37: . 



MOMENT OF RESISTANCE — FLANGE-SECTIONS. II 
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¿área web =- ' ^ - = ^muli¡pliedby 13' equal 14083 

ATeaflange=5' i I ' = 5' muliiplied by 14' equal 70.000 

Eesisiance 0/ section "R" 84.083 

The quantity thus obtained has only 
to do with the ska^e oí section, the 
efficiencvto do work being dependent on 
the quaiity of the material. R must there- 
fore be multiplied by a coefficient expressing this quahty 
before the strength of the beam becomes known. For 
wrought-iron, this coefficient, withín safe limits, vanes 
from 10,000 to i5í>oo Ibs. per square inch, depending 
upon the requirements of any given specification. The 
above • process for obtaining the valué of R varies so 
fractionally from absolute truth that the refinement of 
calculation to obtain mathematical exactness is entirely 
unnecessaiy, while the ease of its application is so great 
that but a few moments of the simplest arithmetical 
processes are all that is required to compute the resisting 
valué of any beam of the usual pattems. 

The formulse already given for difFerent circumstances 
of loading, page 105, may be divided by the assumed 
máximum strain per square inch allowed on the iron, 
which amounts to the same thing as multiplying R by 
the same quantity, and is the most convenient 1 
introducing the above coefficient. As an exam 
applyingthe above principies for determining the | 
size of beam for any given load, let us take the con 
of loading given by equation 5, page 105. Let th 
to be carried be 40^00 pounds, uniformly distri 
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and the máximum allowable strain be 10,000 Ibs. per 
square inch ; span, 15 feet, or 180 inches. Then formula 
5 would read : 

\f»nax _ 40»ooo Ibs. multiplied by 180 inches __ p __ 
"" 8 multiplied by 10,000 Ibs. per sq. in. "~ "" 

' A beam must therefore be designed having this valué 

of R, precisely as described on page iii. It will be 

noticed that the section there computed falls a little 

short of a moment of 90, which would be attained by 

increasing the flange áreas ten per cent. Since each 

beam- section has its own valué of R, the folio wing table 

gives this valué for all shapes of " Phoenix " beams, and 

is about the same for the same sizes of other makers : 

TABLE GIVING THE VALUÉ OF R FOR ALL SECTIONS OF 

AMERICAN BEAMS. 



Total depth 
in inches. 


Wcight per 
foot. 


Área of ene 
flange. 


Distance be- 
tween cen- 
tres of 


Área of 
stem. 


Depth of stem. 


Moment of re- 
sistance, 

R. 








flanges. 






15 


66* 


6.10 


13.80 


7.80 


11.875 


102.20 


15 


50 


4.312 


14.04 


6.375 


12.750 


75.44 


12 


56* 


5.755 


10.92 


5.49 


9.250 


72.85 


12 


41* 


3.790 


II. 16 


4.92 


10.000 


51.48 


lOj 


35 


3.380 


9-74 


3.74 


8.625 


38.96 


9 


50 


5.50 


7.90 


4.00 


6.375 


48.70 


9 


28 


2.78 


8.30 


2.84 


7.000 


27.00 


9 


23* 


2.37 


8.38 


2.26 


7.250 


22.88 


8 


21* 


2.035 


7.42 


2.43 


6.500 


18. II 


7 


m 


1.80 


6.44 


1.90 


5.500 


13.63 


6 


16» 


1.82 


5.50 


1.36 


4.375 


11.25 


5 


12 


1. 175 


4.60 


1.25 


4.000 


6.37 


5 


10 


.995 


4.62 


1. 01 


4.063 


5.38 


4 


10 


1. 14 


3.58 


.72 


2.900 


4.50 


4 


6 


.545 


365 


.71 


3.250 


2.45 



To use the table, compute the máximum bending moment as before 
explained, and select the beam having the largest valué of R nearest 
to the computed one, in case there is none having the exact required 
valué. 
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COMPOUND GIRDERS. 

For beams compounded from plates and angles, the 
process for determining R is precisely the same as for 
any other beam. Inasmuch as compound beams are 
specially designed for any given case, it is necessary to 
determine from R the área of the flanges and web, from 
which the proportions of the parts can be made out It 
must be remembered that M or R do not represent 
strain, being independent of depth, but can be converted 
inte flange strain by dividing by the depth in inches. 
Assume, therefore, any depth for the girder (bearing in 
mind that the effective depth is the distance between 
centres of gravity of the flanges*), divide R by this depth, 
and the result is the strain on either flange ; and if the 
máximum allowable strain per square inch has not 
already been introduced in determining R, the strain 
above found must be divided by this máximum unit 
strain to determine the square inches that must be given 
to the flanges. 



* To find ihe centre of gravity of a flange com- 
posed as in Fig. 38, and representing a píate web- 
girder, assume any axis, as XY. 



\ m \ 



T 



Área of the whole flange = M = »i + fn\ 
Let / equal distance centre of gravity of m from axis. 



Jlfí£A 



r " 



u ^ .. 



t( 



m 



M 



/ i( 



To find jr. 



J 



+ 



Mjc ■=. mi -^r mf and x = 



mi + tn'l 



FIG. 38. 
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Taking the same case as before, it is required to know 
the flange área of a compound beam 15 feet long, 15 
inches deep, with a half-inch web. The load being 40,- 
coo Ibs. uniformly distributed, the máximum strain to be 
10,000 Ibs. per square inch, and the assumed eífective 

depth 13 ipches. Then, by formula 5, rxX)^xi''3 ^ ^-92 
square inches, the required flange área, toward which the 

web contributes ^ of its área, or-^= 1.25 inches, leaving 

(6.92 less 1.25) to be built up with angle irons, 5.67 square 
inches section net, after rivet-holes are deducted for the 
tension-flange — an allowance unnecessary to be made 
for the compression flange, since that flange is not weak- 
ened by the removal of metal, if ñlled in again as it is 
with the rivets. Since it is customary to allow a less 
strain per square inch for compression than for tensión, 
both flanges of plate-girders are usually made alike, the 
área of the bottom determining that of the top. The 
allowance for rivet-holes in such forms of plate-girders 
as are being considered is about 1 5 per cent, and adding 
that amount to the net área already found, the gross área 
of the angle irons must be 6^ square inches, which is 
given by two angles \ inch thick, and legs 3^ inches 
j<...-7JL.«>j long. To check the effective depth as. 

^■M^^^l sumed, we have (see foot-note, page 113): 

'^ m = f X 4"= 3.5 inches; m'= 3" X i" = 
3 inches, and M = 6.5" 

X —— — -^ = a8o8 inches from outer 
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edge for each flange, making 1.6 16 inches as the amount 
that the full depth is reduced, or 15" less 1.6 16 inches, 
equal to 1 3.38 inches, being practically the same as the 
effective depth assumed. 

In comparing riveted beams with solid roUed beams, 
it must not be forgotten that the latterare at least 10 per 
cent stronger than the former; or, in other words, if 
1 0,000 is the unit of strain selected for the riveted work, 
the solid beam will have as great strength if propor- 
tioned for a unit of strain of 1 1 ,00o Ibs. per square inch. 

In order to develop the full strength of a riveted 
beam, due to the section, more attention should be paid 
to the riveting than is usually done, as to number, size, 
pitch, and method of driving. The duty of the rivets is 
to take up all the horizontal increments of strain deliv- 
ered by the web to the flanges. The horizontal strains 
in the flanges diminish in intensity either way from 
position of máximum M at centre, toward either abut- 
ment, where they are least, and may be found at any 
point by dividing the moment at that point by the 
effective depth. The horizontal increments of the web 




FIG. 40. 



are greatest, however, at the ends, and leasi under posi- 
tion of máximum M. This can be made clear from an 
inspectíon of the accompanying illustration (Fig. 40), 
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where A B represents a girder loaded uniformly. The 
web is divided mto four imaginary panels, either side of 
centre, and the horizontal effect of each panel and their 
summation, as the centre is approached, being represented 
by arrows. The relative intensity of the horizontal 
effect is indicated by the varying thickness of the ar- 
rows. It has before been stated that the valué of a 
rivet is its diameter multiplied by the thinnest píate 
through which it passes, multiplied by the working 
strain per square inch. In the case of a plate-girder, 
this thinnest píate would be the web, and, assuming such 
a píate f inch thick, a ^ rivet under a working strain of 
10,000 Ibs. per square inch would have a valué of 
10,000 X ^ X I = 3300 Ibs. If the máximum horizontal 
strain is divided by 3300 Ibs., there results the minimum 
number of rivets required either way from the point of 
such straia Owing, however, to the greater intensity 
of the horizontal increments of strain of the web 
toward the ends, the rivets should be spaced closer as 
the ends are approached. Applying these rules to the 
girder previously computed, the loading of which 
brought the máximum strain at the centre, this strain 
was found to be 69,200 Ibs.; and using a f-inch web 
and ^rivets as above, we find that the number of rivets 
required either way from the centre to the ends, a 
distance of 90 inches, will be (^f^) about 2 1 , which, if 
uniformly pitched, would be spaced a shade over 4 
inches between centres. It will be better, however, for 
the reasons above given, to use more rivets, spacing 
them 3 inches for the first end quarter, or for 45 inches, 
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the balance being 4^ inches pitch. At first sight, from 
theoretical considerations purely, it would seem that a 
good proportioning of riveted work would require a 
variation in size of rivets, but such designing would 
cause endless trouble during manufacture. Uniformity 
of parts in design is essential to economical production, 
as well as for the avoidance of shop errors, and for this 
reason, in flange-riveting, the same size rivets should be 
used throughout, and change of pitch avoided as much 
as possible. Some manufacture rs depend more or less 
upon the efliciency of rivets being increased by reason 
of the friction of the rivet-heads against the plates, due 
to their shrinkage after being driven. There is no doubt 
but that in new work this friction is very great, and ma- 
terially aids the rivet, but as it is uncertain how much 
this is impaired after a long term of service, as well as 
the variability of the valué of the friction, it is deemed 
by\Jhe most prudent designers of iron-work to make no 
allowance whatever for friction, but proportion rivets 
only with reference to their bearing surfaces and shear- 
ing áreas. As to stiffeners for the webs of girders in 
highway bridges, they are unnecessary if the thickness 
of the píate is such that the unsupported distance be- 
tween the legs of the upper and lower flange angle iron 
is not greater than from 35 to 40 times that- thickness. 
If this proportion is exceeded, stiffeners must be intro- 
duced at intervals and over the points of support Since 
the floor-girders of a highway bridge are proportioned 
(or should be) for the extreme standard load, the rarity 
of such occurrence, if it ever really occurs at all, is such 
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as warrants the recommendation of a unit strain of 
15,000 Ibs. per square inch to be used for the net section 
of the lower flange. Angle and píate iron can now be 
readily obtained of a good quality, with elastic limits up 
to 23,000 Ibs. per square inch, and it is an absurd waste 
of material to use a íow unit strain for the exceptional 
circumstances of extreme loading. Power-riveting is so 
superior in all respects to hand-riveting that a higher 
unit of strain, by probably 10 per cent, can be used 
under the former system; so that if it is considered 
proper to strain hand-riveted work up to 13,500 Ibs. per 
square inch, work riveted up by steam or hydraulic 
power can be safely proportioned on a basis of 15,000 Ibs. 
per square inch. 

' For convenience of selection of rivets, the following 
table has been prepared, giving the working valúes oí 
different sized rivets, in pounds, for plates of varying 
thickness, and for different units of strain per square inch. 
Rivet-holes are punched or drilled -^ inch larger than 
the rivets, and if the holes are properly filled, as they can 
be by power-riveting, their effective diameter is corre- 
spondingly increased. 



SiZE OK Rivets. 



yi inch. 
% 

% 

z 



Thickness of Web Plates. 



For zo,ooo Ibs. per sq. 
inch. 



Lbs 

1250 

Z560 

1875 
2190 

2500 



A 



% .h\% 



Lbs Lbs I Lbs Lbs 
is6o| ! 

X95023401 „ 
2340; 2810 3280 3750 
28x013280 3830 4375 
3125 3750 4375. SOOO] 



For Z2,ooo lbs. per sq. 
inch. 



X 



B 

T8 



Lbs 



% 



A 



H 



Lbs 



Lbs Lbs Lbs 
1500 1875I 
1875 2350 2810 
225o'28xo|338o 3940 4500 
2630329013940 460015250 
3000 3750 4500 '5250 6000 



For Z5,ooo lbs. per sq. 
inch. 



^ 



Lbs 



A 



% 



/b i y^ 



Lbs 



Lbs Lbs , Lbs 

1875 2350! I 
2350.2930 3510 
28io;35io 4220 4920 5630 
3280 4100 4920 5740 6560 
3750 4690 5630 65<^ 7500 
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STRAINS IN TRUSSES. 

In the foUowing discussion of this subject no attempt 
will be made to go beyond the ordinary forms in constant 
use, since to do so would be foreign to the object of the 
writer, as explained in the preface. So many excellent 
treatises have been written on this subject, that any stu- 
dent desiious of going beyond these elementary pages 
has a large field to choose from. Probably the best gen- 
eral work on the subject is that of Mr. S. H. Shreve 
(published by D. Van Nostrand, New- York), inasmuch 
as the method of analysis therein adopted refers all forms 
of trussing to the principie of the le ver, no special analy- 
sis being employed for each case as it arises. The de- 
velopment of a subject from one simple root or principie 
permits of an intellectual grasp of that subject impossi- 
ble to attain by the discussion of its sepárate topics in an 
independent manner, even if independent analysis were 
more readily performed. It is not one of the least of the 
beauties of the method of the lever that, its elementary 
principies being once mastered, it can be immediately ap- 
plied to any system of trussing without reference to 
formulse, and is therefore an immense relief to the memory. 
It is believed that in the previous discussion of the 
strength of beams, the principie of the lever has been so 
thoroughly kept in view that its application to truss fórms 
will be readily appreciated. Before so applying it, how- 
ever, it is necessary to explain some elementary ideas of 
the composition and resolution oí f orces. 
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The composition of a forcé is the operation of finding 
a single forcé whose effect is equivalent to two or more 
single forces, while the resolution of a forcé is the con- 
verse operation, being the operation of finding two or 
more forces the equivalent of a given single forcé. In 
mechanics, forces are represented by straight lines, both 
as to magnitude and direction, by taking the lines propor- 
tional to the forces which they represent. What is called 
the parallelogram of forces is as foUows : " If two forces 
be represented in direction and intensity by the adjacent 
sides of a parallelogram, their resultant will be repre- 
sented in direction and intensity by that diagonal of the 
parallelogram which passes through their point of inter- 
section." Thus in Fig. 41 the two forces are represented 
by the lines P and Q applied to a material point O. 
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FIG. 41. 

Then the same effect will be produced on that point if 
the two forces are removed and the diagonal R, called 
the resultant, substituted. If the diagonal forcé is exert- 
ed in the direction of the arrow, motion will result. If 
in the contrary direction, P and Q supposed to be in 
action as shown,there is rest or equilibrium. It will be 
noticed that a triangle can be substituted for the par- 
allelogram, by laying off from Q a line equivalent and 
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parallel to P, when the resultant is at once obtained by 
drawing a line from the end of P, thus transferred, to O, 
and it is in this forní that the parallelogram of forces is 
usually applied. Thus modified, we have what is called 
the triangle of forces, and the law that " If three forces 
acting at ene point balance, three Unes parallel to their 
directions will form a triangle, the sides of which are pro- 
portional to the forces. both in direction and inten- 
sity." Thus if there are three forces, P, 
42, acting at the point O, and 
if we draw to any scale A B 
parallel to R ; A C and B C 
parallel to P and Q, the sides ^ 
of the triangle thus formed 
will be proportional to the 
amounts of the forces P, Q, 
and R. If R is known, then B and C may be scaled off 
or computed from the geometrical relation of the sides 
of a right-angled triangle. A C and B C are called the 
vertical and horizontal componenls of A B, or the equiv- 
alent effect of A B in a vertical or horizontal direction. 
Any forcé acting at an angle can be determined, therefore, 
if we know either component and the angle of inclina- 
tion from the simple relation of the parts of a trianp-le. 

Thus far we have spoken of /orce, but in reí 
know nothing of forcé itself, but only the effects \ 
produces. These effects in structures are called 
which, when acting in the direction of the iength 
bar or member of a frame, are called longitudinal 
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Let A B» Fig. 43, be a known vertical efFect of a forcé, 

A and let the geometrical relations of the 
lines of the triangle be also known. 
Then the longitudinal strain in A C will 
exceed the vertical strain in A B by the 
number of times A B is contained in A C. 
'b For example, assume a right-angled tri- 
FIG. 43. angle, the relations of whose sides are 6, 

8, and 10, and suppose the effect of forcé on A B has 
been to produce a strain of w Ibs., then the longitudinal 
strain in A C \^w Ibs. multiplied by ^, or \\ times the 
vertical strain. The strain on C B will be similarly |- 
times w, or \ the vertical strain. For a wonderfuUy 
clear and elabórate discussion of forcé, strains, etc., as 
well as upon the subject of trusses and strength of mate- 
rials, freed from all technicalities, the leamer is referred to 
Mr. Trautwine's " Engineer's Pocket-Book," a work that 
should be the comer-stone of every engineer's library. 




¿ 

FIG. 44. (See page 35.) 

The King Post Truss. — The extreme efFect on all 
parts of this form of truss occurs when loaded with the 
combined live and dead loads. In the construction 
shown in the figure, one half the whole load rests upon 
the cross-beam upheld by the kingbolt, the other hall 
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being carried by the abutments directly, and does not 
affect the truss at alL 

Cali the span / / the height, h ; load per foot, w, 
whence total load =i Iw =z W. For equilibrium the mo- 
ment of the extemal forces must be equal to the mo- 
ment of the intemal forces. The external forcé is the 
reaction of the abutment, or J wl ; the intemal forcé is 
the strain on the material. Taking moments around 
the foot of the kingbolt, we have for the thrust in 
either rafter : Reaction multiplied by its lever = thrust 

multiplied by its lever, or ^ X j =T X ^' and T = ^• 

For the pulí on the tie-beam, moments must be taken 
around the apex of the rafters. Reaction multiplied by 

lever = pulí multiplied by lever, orjX7=P ^ ^ 

and P = if- 

The strain on the kingbolt is simply the load upheld 
by it, or \ wl. If instead of carrying the load on hori- 
zontal stringers supported midway by a cross-beam, in 
tum held up by the kingbolt, as in the example, it is dis- 
tributed over the tie by numerous transverse beams, 
then the tie, in addition to the pulí on it from the thrust 
of the rafters, must be proportioned as an ordinary beam 
exposed to a uniformly distributeci load of \ wl for each 
half of the tie. If this truss is tumed upside down, the 
valué of the strains will remain as it was before, only 
being reversed in kind ; that is, the kingbolt will be- 
come a post» suífering compression, as does the horizon- 
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tal chord, and the diagonals undergoing tensión will be- 
come ties. 

The Queen Post Truss (Fig. 45). — ^Theload is sup- 
posed to be carried from panel-point to panel-point by 
means of stringers, thus avoiding cross-strain on the 
horizontal chord. 
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FIG. 45. 



Cali span / / depth truss, A ; w load per ft. = tul, total 
load; each panel \L Excepting on dotted diagonals, 
máximum strains occur when load is on both posts. 
Reaction of either abutment will be half the load sup- 
ported bythe truss, or the load on one post = \wL For the 
horizontal strain of compression in the top chord, engen- 
dered bv the pulí of the end diagonals, take centre of 
moments around the foot of either post The forces 
in action are the reaction of either abutment and the 
stnun on the material, the lever-arm of the former being 
one jxmeUength, and of the latter the depth of the 
truss» As these forces must balance, there results 

y \ '- = T X >?> or thrust = ^- The pulí in the 
parallel boiiom chord will manifesíly be of the same 
amount. The strain in the chords being derived solely 
from the end diai*X)nals; the stmin in the latter mav be 
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determined from it by remembering that the chord strain 
is the horizontal effect or the component of either diag- 
onal, of which the vertical eífect or component is the 
load on the post, or the abutment reaction (page 122). 
Knowing then the horizontal component, the longitudi- 
nal strain in the diagonal is given by multiplying this 
component by the length of the diagonal, and dividing 
by the length of the panel ; or 

Tensión strain in diagonal = Hor. thrust X ^^^s^^ f^'^T^ ' 

^ length of panel 

The compression on the post is simply the panel load 
upon it, and equals, therefore, ^ w¿. 

The dotted diagonalsare counter-braces,and are only 
brought into play when but one post is loaded, in which 
case the reaction of the abutment nearest the load is 
twice as great as that of the other. This difference of 
reactions yields unbalanced horizontal components for the 
main diagonals, which must be counteracted by a tension- 
bar, the horizontal component of which must equal the 
difference between the horizontal components of the 
main diagonals. Thus, suppose the load of J ¿w on the 
right-hand post is removed ; the reaction of the right 
abutment will be, according to the law of the le ver, J of 
this, or -J- ¿Wy and that of the left abutment will be f of 
the panel load, or f ¿w. The horizontal component, or 
the chord strain from the left diagonal, is 

I ¿w X i / divided by ^ = ~~i^ and for the right dia- 
gonal this component is \ ¿w x ^ ¿ divided hy A = ¿^. 
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P w 

The diíference between these two valúes is -^ oí -j;' 
and is the horizontal component of the counter diagonal 
sought. Its longitudinal strain is found as before for the 
main diagonal braces, by multiplying the component just 

found by its length, j/fi^^-i-^ and dividing the product 
by the panel-length, or \l ; or, 

Máximum counter-strain of tensión = ^ X Y^'rf^' 
If the load is distributed over the whole upper chord 
instead of being concentrated at panel-points, to the 
longitudinal thrust, due to its position in the truss, must 
be added the requirements of a beam uniformly loaded. 
As the Queen Post truss is the parent of the most usual 
forms of truss met with, the foUowing numerical ex- 
ample is given of the application of the preceding prin- 
cipies : 

Data, — I = 45 it.\ \l = panel-length = 15 ft. ; truss 
5 ft. deep. 

■%v = 300 Ibs. per ft. = 45cx> Ibs. per panel = dead load ) lu . * i 

f = 34,500 IDS. total 

w' = 2000 " " = 30,000 " = Uve load ) P*'^®^ *°^^' 

Length of diagonal = 15.81 ft. Abutment reaction 
when whoUy loaded, 34,500 Ibs. 
Strain on horizontal chords = T 

w/* _ 2300 X 45* 11 • , 

-^ ^IT" ^ i03»500 Ibs. compression upper and ten- 
sión lower. 

Strain on post — 
\wl— i 2300 X 45 = 34»500 Ibs. compression. 

Strain on end diagonals — 

T X \/^^^ = 103,500 X -^ = 109,089 tensión. 
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Strain in counter-braces, one post unloaded. In this 
case, as the dead load is unchangeable, we are concerned 
with the live load alone, or 2000 Ibs. per ft. = 30,000 Ibs. 
per panel. The reaction of the left abutment from this 
(supposing the post to the right is unloaded) is 20,000 
Ibs., and of the right abutment 10,000 Ibs. 

Horizontal strain from left diag-^ 

- 20,000 X 15 Ar^^-vy-^ 

onal, ^ — ' = 00000 

Horizontal strain from right diag- 



^diff. 30000. 



>onal. 



10,000 X 15 



= 30,000 



This difference being horizontal diíference, for conver- 
sión into longitudinal strain on the counters, it is to be 

multiplied as before by —r^» which gives 31,620 Ibs. as 

tensión on the counters; or by applying the formula, 
the strain is at once given — 



/* w 






X 2000 



27 X A 

31,620, as before. 



X 5 



X ~^ = 30,000 X 1.054 = 
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FIG. 46. 



The Whipple Truss (Fig. 46). — By extending the 
Queen Post so as to embrace additional panels, the 
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Whipple truss is developed, as in the figure representing 
the diagram of a through-bridge having seven panels. 

Let / = span ; n = number panels ; h = height of 
truss ; w dead load at each panel-point ; w^ = varia- 
ble load on one panel. ^ 

isí, Chord Strains. — Máximum strain in chords 
occurs when all panels are loaded with dead and live 
loads, in which case reaction of either abutment is 
(«;_+ wH«— i) ^ ^j, |.j^j.g^ panel loads = 3 (z£/ + ^0- -^^^ ^^^^ 
panel, horizontal strain will be (moments around ¿/ as a 
fulcrum) 3 (e£/ + w^ X ^ -^ ^, or reaction multiplied by 

lever of one panel-length, divided by depth of truss. 
For third panel ¿¿:,the strain will be (moments around á)e 

(3 (^ + ^') X ^ — (ze; + ze;') X ■^) -^ h. In this ex- 
pression it will be noticed that one panel load multiplied . 
by its lever of one panel is subtracted from the moment 
of the reaction. This is because the weight at a operates 
downward or contrary to the reaction of the abutment, 
as shown by dotted lines, and reduces correspondingly 
the effect of abutment reaction. On the middle panel 

cg, the horizontal strain will be (3 (w + w'^ X ^ "" (^ 

+ ^ '^) "~ (^ + ^ ) «) -=- ^ / or, in other words, subtract 
from the moment of the reaction — operating in onedirec- 
tion — the moments of the panel loads between fulcrum 
and abutment, and then divide by the depth for the 
strain. The same process must be continued for any 
number of panels up to the centre of the truss where 
the strains are a máximum, after which they decrease to 
the other abutment. While the chord strains are the 
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same top and bottom, they are not so for the same panel. 
The inclination of the diagonals brings the panels of 
equal strain in advance of each other ; that is to say, 
the tensión strain in 6 c is the same as the compressive 
strain \n d e^ c £" as in ^y^ The example given is for an 
uneven number of panels, in which case there will 
be three panels of the top chord — namely, the centre and 
one either side, of equal máximum strain, to one panel of 
máximum strain at the centre of bottom chord. If a 
diagram is made for an even number of panels, there 
will be a post at the centre, and it will be seen that the 
máximum strain on top chord will extend over two 
panels, one on either side of centre, and will be in excess 
of the máximum strain in the bottom chord, owing to 
the main diagonals of the two middle panels uniting at 
the foot of the post where their horizontal components 
balance each other. At the top chord, however, these 
diagonals are spread apart two panel-lengths, and deliver 
their horizontal component to that chord. 

Example. — Let / = 70 ft. ; n = t\ h = 10 ft. ; w z= 
300 Ibs. ft. = 3000 Ibs. per panel ; w' z=z 1000 Ibs. ft. = 
10,000 Ibs. per- panel ; w + w' z=i 13,000; abutment re- 
action = one half of six panel loads = 39,000 Ibs. 
The horizontal strain onO a and a b will be 

39>^ ^ ^Q = 39,000 Ibs. 

The horizontal strain oxi d e and b c will be 

39^ X 20 -J3.000 X 10 ^ 65,000 Ibs. 

The horizontal strain on e /,/ hy h i, and ¿:¿»- will be 

39,000 X 30 - 13,000 X 20 - 13,000 X 10 __ g ^^^^^ JJ^g 
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2¿/. Web Siratns. — The web strains must be com 
puted separately under each condition of loading. The 
posts and braces are strained the greatest when the 
moving load covers the segment /rom which any given 
diagonal slopes. Thus the diagonal e c is strained the 
greatest when c and all points to the right are loaded 
with moving load ; /¿^ when ^ and all points to its right 
are loaded, etc. While the web strains can be readily 
calculated by finding the horizontal components for 
each máximum condition of loading, and converting 
them into longitudinal strains, as was done for the 
Queen Post truss, the method is somewhat tedious when 
there are a number of panels, and a separation of dead 
and live loads must be made. For trusses with parallel 
chords, the foUowing method will be found most conve- 
nient, and is the one usually employed. It is based on 
considering the load on each panel-point, tracing its action 
on the posts and ties, and summing their effects — or, in 
other words, finding the vertical components, which are 
the post strains. Taking first the dead load, there is w 
at each panel-point, or, under the example, 3000 Ibs. 
Since three panel loads are supported by each abutment, 
the loads, and therefore the strains, are symmetrical with 
the centre, and it is only necessary to compute the 
strains for one half the truss. At the point c, 3000 Ibs. 
is taken up by the inclined tie e c, and delivered to the 
vertical post e b, which has a compression, therefore, of 
that amount ; the tensión on the tie being 3000 Ibs. X 

depthoMruss > ^^ 3000 X ^^ = 42 30 Ibs. This panel load 
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is again progressed to the abutment by the tie d b, which 
also has upon it another panel load at b oí 30CX5, making 
6000 Ibs. delivered to the end-post d o. The strain 011 
this tie is, therefore, just double that on the preceding 
tie, or 8460 Ibs., to which must be added the effect of 
the third panel load sustained by the vertical tie d a, or 
4230 Ibs. for the compressive strain for the inclined end- 
post, making a total for that post of 12,690 Ibs. For 
the moving load alone, advancing from the left abut- 
ment, we have, when it reaches the point ¿i^, 10,000 Ibs. 
By the law of the lever, \ of this is supported by the left 
abutment, and \ by the right abutment. Since the whole 
of this load ascends the vertical a d, the \ that goes to 
the right can only do so by passing down the diagonal 
d b to the foot of the post e b, when the diagonals in the 
opposite direction progress it toward the right abutment. 
The strain m d b from this action of the load is one of 
compression ; but since the dead load strains this diag- 
onal tensively largely in excess of this compressive effect, 
the latter is entirely neutralized. Advancing to each 
panel-point in succession with the load of 10,000 Ibs., 
and distributing the load by the law of the lever, the 
strains on the various parts will be as follows, from the 
live load alone : 

On— ¿7// .'4- (6 + 5 + 4 + 3 + 2 + 1) 10,000 XW compression=42,3oo 
ad: one panel load, tensión =10,000 

^^••+(5+4 + 3 + 2 + io,oooXW ** =30,214 

¿- ^ . ^ (4_l_3-f2 + i) 10,000 compression= 14,280 

e c : same 2ls e ¿f X^^ tensión =20,143 



132 



IRON HIGHWAY BRIDGES. 



fe: 


^ (3 H- 2 + i) X 10,000 


compression= 8,571 


fg: 


same as/rx-^ 


tensión =12,086 


hg: 


same máximum 2isfc 


compression= 8,571 


hj: 


+ (2 + 1) io,oooXTÍ.VÍTr 


tensión • = 6,040 



If to these are added the previously computed effects 
of the dead load, there result the máximum strains that 
can come upon the web system by any possible condition 
of loadmg. 

Since the counter diagonals can only act when the 
main diagonals of the same panel are relaxed, it follows 
that to obtain the máximum tensión of any counter, the 
effect of the dead load to which it is opposed must be 
subtracted from the effect due to the live load alone. 
Thus, counter hj is strained from the live load 6040 Ibs., 
but main diagonal g i is strained by the dead load 4230 
Ibs ; therefore the counter is to be proportioned for 6040 
less 4230 Ibs., or only 1810 Ibs. 

In the case of the Whipple double-cancelled truss, 
each system of the web must be computed independent 
of the other, and their loint effect on the chords added. 
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FIG. 47. 



Warren Girder (Fig. 47). — Load supposed to be 
concentrated at the panel-points of the top chord. 
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Span, 60 feet; 6 panels of lo feet. Truss, lo feet 
depth. Length diagonal, i i.i 8 feet. Dead load per panel, 
3000 Ibs. Moving load per panel, 9000 Ibs. Reaction 
of abutment for full loading ( 900P|3Q0Q ) x 5 panels 
= 30,000 Ibs. 

For Chord Strains, the centre of moments must be 
taken altemately on top and bottom at panel-points. It 
will be noticed that at each panel-point, owing to the 
inclination of the web members, there is a horizontal 
effect from each member, acting in the same direction. 

r-^ . 30,000 Ibs. X 5 ft. , , 

Compression on a, — ^'^T^ — = . . . 15,000 Ibs. 

rr< • . y 30,000 Ibs. X 10 ft. 

1 ensioh on ¿, —j^ = . . . 30,000 

r^ . 30,000 Ibs. X 15 ft.— 12,000 X 5 

Compression on c, — — 39,000 



I ension on a, —- = . 48,000 

>-» . 30,000x25 — 12,000x5-12.000x15 
Compression on ^, ^^ = 51,000 

Tensión on / 30,000x30- i2.oc»x. o- 12.000x20 ^ ^^ ^^0 



The preceding operation is simply putting in figures 
the oft-repeated principie of the le ver. In each case the 
numerators of the fractions may be read, " The reaction of 
abutment (upward) multiplied by its lever, less the sepá- 
rate panel loads (downward) between abutments and 
fulcrum, multiplied by their levers ;" while the denomi- 
nator is the depth of truss, which is the leverage of re- 
sistance. 
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FoR Web Strains. — ist. Dead-load. One half of 
that at central apex, or 1 500 Ibs., goes down diagonal 6, 
up 5, down 4, which receives in addition a full panel-load, 
making 3000 + 1 500 Ibs., which goes up diagonal 3, being 
again increased before passing down 2, with another 
panel-load, or 3000 -|- 3000 -|- 1 500 Ibs., which, in turn, 
passes up diagonal i to point of support. The diagonals 
to right of centre are traversed by the load on that side 
in the same way. These vertical effects need only to be 

multiplied by "^^^^^i ght^^"^ to give the sought-for longi- 
tudinal strains in the diagonals due to dead-load. When 
the load passes down, compression is induced ; and when 
up, tensión. Thus, i, 3, and 5 are in tensión, and 6, 4, 
and 2 are in compression. 2d. Variable load. Com- 
mence by loading the first apex on the left with moving 
panel-load 9000 Ibs. ; of this \ is supported by the left 
abutment, and \ by the right abutment. These propor- 
tions of the load only reach their destination by passing 
down and up alternately the different web members, in- 
ducing compression and tensión alternately. Tracing 
out the effect of each load (/, q, r, s, t) in succession, 
commencing at the left apex, the vertical effect on diago- 
nals will be as follows : 



Í/+ Í7+ J^+ Jj + i/all produce tensión on i. 
í/"*"J^"*"i^"'"l-^'*'^^" " compression on 2. 
3 receives a compression from ¿ the load at /, and tensión from all loads to 
the right, amounting toJ^ + ir+gj + ^/. 
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Diagonal 4 has tensión from ¿/, and a compression from ig + ^r + ^s + ií. 



(i 



(i 



i< 



5 
6 

7 
8 

9 
10 

II 

12 



compression from i/ + S ^, and a tensión from i ^ + S j + i /.. 
tensión from i/ + | ^, and a compression from Jr+fj + J/ 
compression from i/ + f ^ + S r.'and a tensión from f j + i /. 
tensión from ip + i^ + ir, and a compression from | j + ^ A 
compression from iZ + f^ + lr+Jj", and a tensión from ¿ t^ 
tensión from i/> + ií + Ír+^s, and a compression from ¿ / 
compression from ^p + J^ + fr+íj + J/, no tensión, 
same as 11, only tensión. 



<i 



Summing these effects of the moving load, and re- 
membering that the loads at each apex are the same in 
amount, or 9000 Ibs., ^ of which is 1500 Ibs., vvhich, con- 
verted into longitudinal effect, is 15CXD X ^V" = ^^77 
Ibs., we have for the strains in the web : 



Diagonal i. 15 y 1677 = 25,155 Ibs. tensión. 

2. 15 X ^677 = 25,155 Ibs. compression. 

3. 10 X 1677 = 16,770 Ibs. tensión, and i x 1677 = 1677 Ibs. comp. 

4. 10 X 1677 = 16,770 Ibs. comp., and i x 1677 = 1677 Ibs. tensión. 

5. 6 X 1677 = 10,062 Ibs. tensión, and 3 x 1677 = 5031 -Ibs. comp. 

6. 6 X 1677 = 10,062 Ibs. comp., and 3 x 1677 = 5931 Ibs. tensión. 

7. 6 X 1677 = 10,062 Ibs. comp., and 3 x 1677 = 5931 Ibs. tensión. 

8. 6 X 1677 = 10,062 Ibs. tensión, and 3 x 1677 = 5931 Ibs. comp.. 

9. 10 X 1677 = 16,770 Ibs. comp., and i x 1677 = 1677 Ibs. tensión.. 

10. 10 X 1677 = 16,770 Ibs. tensión, and i x 1677 = 1677 Ibs. comp. 

11. 15 X 1677 = 25,155 Ibs. comp. 

12. 15 X 1677 = 25,155 Ibs. tensión. 



if 



(( 



(( 



To the above valúes must be added, for final máximum 
web-strains, the effect of the permanent load, 3000 Ibs., 
at each apex, which, con verted into longitudinal effect as 
above, is 3354 Ibs. This is done in the fpllowing table : 
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Ñame 

OF 

'Diago- 


1 1 
From moving Load 

ALONE. 


1 From Dead Load 

ALONE. 


i Algebraic 

I SuM OF Moving and 

i Dead Load. 


nal. 


í + 

i Com- 
1 pression. 


Tensión. 


^ + 
Com- 

! pression. 
1 Ibs. 


1 

; Tensión. 


+ 

Com- 
pression. 


Tensión. 




Ibs. 


Ibs. 


Ibs. 


Ibs. 


Ibs. 


I 


! 

i 


25,155 í 


• • • • 


8,385 


1 


33.540 


2 


I 25.155 


• • • • 


8,385 


1 • • • • 


33.540 


none 


3 


i»677 


16,770 


• • • • 


5.031 


none 


21,801 


4 


: 16.770 


1.677 


5.031 


• • • • 


21,801 


none 


5 


5.031 


10,062 


•. • • • 


1.677 


3.354 


11.739 


é 


10,062 


5.031 ¡ 


1,677 


« • • • 


11,739 i 3,354 


7 


10,062 


5.031 


1,677 


• • • • 


11.739 3.354 


8 


5,031 


10,062 


• • • • 


1.677 


3-354 ! 11.739 


9 


; 16,770 


1.677 


5.031 


• • • • 


21,801 


none 


10 


i 1.677 


16,770 


• • • • 


5.031 


none 


21,801 


II 


25.155 


1 
• • • • 


8,385 


• • • • 


33.540 


none 


12 


• • • • 


25.155 


• • • • 


8,385 


• « • • 


33.540 



It will be seen from the above table how the com- 
pression due to the variable load in diagonals 10 and 3 
is more than neutralized by the tensión from the fixed 
load. Diagonals 5, 6, 7, and 8, however, must be capable 
of acting either by tensión or compression, since the 
•effect of the variable load preponderates over the dead 
load that works against it. In other words, the necessary 
counterbracing is confined to the last diagonals named. 
When the span becomes so great as to make the tri- 
angles of the Warren system too large, another series 
may be introduced, each one being computed indepen- 
dently of the other, care being taken not to omit their joint 
effect on the chords. By increasing the numbef of sys- 
tems of triangles, the lattice-truss is formed ; but this is 
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not a commendable form of truss, since the intersections 
of the different systems must be riveted together, which 
vitiates more or less the calculations, based, as they neces- 
sarily must be, upon the hypothesis of an independent 
action of each system of triangles. 




FIO. 48. 

The Fink Suspensión Truss (Fig.48). — This form 
of truss is only well adapted for deck spans, and is pre- 
cisely the same truss as the ordinaiy iron roof turned 
upside down, with the reversal of the quality of strains. 
The máximum chord strains and all parts of the 
primary system (marked i) occur when all points are 
loaded. On the secondary system (marked 2), máximum 
strains occur when all the panels embraced in that system 
alone are loaded, and so on. Let the load on each apex 
be w, then posts 3 support w only ; posts 2 support w + 
\ w, delivered to it from each sub-post 3, or 2 ze» ; post i 
sustains its ovvn w.-^- \ oí the load on each sub-post 2, + 
\ the load from each adjoining sub-post 3, in all 4 w, 
The suspensión rods are strained in proportion to their 

inclination or ¿[¿^f^f-post' Example. — Span, 1 20 feet ; 8 
panels, 15 feet; height of centre-post, 15 feet; load on 
each apex, 10,000 Ibs. ; ratio of length of any rod to post 
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2 ze; = 



of system to which it belongs, ~ffj = 4-12; ratio of 
horizontal to vertical, f^ = 4. 

ist. Strain on posts — compression. 

Sub-system, 3 — w= io,(doo Ibs. ; secondary, 2 - 
20,000 Ibs. ; primary, i — ^w = 40,000 Ibs. 

2d. Longitudinal tensión in suspensión bars. 

Suspensión bars, sub-system i . . . i 10,000 x 4-i2 = 20,600 Ibs. 

secondary system 2 . ^ 20,000 x 4-i2 = 41,200 " 



t( 



(( 



pnmary 



(< 



3 . i 40,000 X 4.12 = 82,400 



(t 



Straiñ in panel ¿íwill be, therefore, 82,400 Ibs.; in ¿ = 
82,400 + 41,200 = 123,600; in c = 123,600 + 20,600 = 
144,200 Ibs. The horizontal chord strain vvill be uniform 
throughout, and is the sum of the horizontal compo- 
nents of the several systems. 



f« 



From sub-system 3 \ 10,000 x 4 

secondary system 2 .... -J 20.000 x 4 
primary " i . . . . 1 40,000 x 4 

Total chord strain, 



20,000 Ibs. 
40,000 •• 
80,000 " 

140,000 Ibs. 




FIG. 49. 



The Bowstring Truss (Fig. 49). — The máximum 
horizontal strain occurs when all panels are loaded 
both with fixed and moving loads, and is uniform 
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throughout the length of the tie or bottom chorcL 
The longitudinal thrust through the arch varíes with 
the inclination of the arch-segments, being equal in 
amount to that of the horizontal strain at the centre 
only. To find the horizontal strain at the centre under 
uniform load, " multiply the abutment reaction (in this 
case 2 i panel-loads) by its le ver or i span, from which 
subtract the intermediate panel-loads, multiplied by their 
leverages, acting in the opposite direction to the reac- 
tion, and divide the result by depth of truss." The ex- 
treme longitudinal thrust in the arch occurs in the last 
segment, being the one of greatest inclination, and is at 
once found by " multiplying the reaction by the lever of 
one panel-length, and dividing by the perpendicular let 
fall from the point around which the moments are taken 
upon the direction of the segment." Or the longitudinal 
strain in any segment may be found by multiplying the 
máximum horizontal strain by the length of segment, 
and dividing by its horizontal stretch. 

In the web, under uniform loading, there is no 
other strain than tensión on the verticals, amounting to 
a panel-load, and the diagonals are unnecessary ; but 
under a variable load, moving from end to end of the 
truss, the verticals are brought under a compressive strain 
through the médium of the diagonals, the strain on 
which may be most conveniently computed as foUows : 
For each position of the load as it advances from point 
to point, determine the abutment reaction as for an ordi- 
nary truss on the principie of the lever. From this 
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compute the horizontal strain at the extreme point of 
loading, and also at the next panel-point beyond. The 
difference between these two strains will be the hori- 
zontal component of the diagonal of the panel between 
the points vvhere the horizontal was computed. This 
has now to be converted into the direction of the diago- 
nal for its longitudinal strain, from which the vertical 
effect of compression on the post is readily derived. 
Since tensión forever exists on the verticals from the 
dead load, the amount of tensión of one panel dead 
load must be deducted from the compression above 
found for máximum compressive effect that can come 
on a post. As an example of the application of these 
principies, assume a bowstring truss, with 6 panels of 1 5 
feet, and 13 feet deep at centre. Also let dead load 
w = 5000 Ibs. per panel, and live load w' = 15,000 Ibs. 
per panel. The lengths of the verticals and diagonals as 
marked on the diagram : 

Máximum horizontal chord strain 

Reaction. 



(7<;+2t/')x2Í panels x 45 ft. /. — (w + w') X (1 + 2) 15 ft ^ g g j^^^ 

Máximum thrust in last segment /' g of arch = 

(w + w')X 2Í panels X 15 ft. _ 20,000 X 2i' 15 |, 

6:^ ft. 6:^ ^ ^ ^»940 ibs. 

Máximum tensión on verticals w '\- w' = 20,000 Ibs. 

•i 

Gonstant tensión from dead load alone w = 5,000 Ibs. 
Máximum tensión on b c' occurs when variable load 
is at b alone ; reaction left abutment •=. \w* -=. 12,500. 

Horizontal tensión at¿= '"'^7/ '^ =^p= 25,000 lbs> 
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Horizontal tensión at c =£Mg^JL3 P-'5.ooo x r5 ^iso.ooo. 

ce 11.7 

= 12,820 Ibs. 

25,ocx) less 12,820 Ibs. = 12,180 Ibs. the horizontaí 
component. 

12,180 X ||- = longitudinal tensión in ¿ ¿:' = 15,328.. 

Máximum tensión on cd\ moving load at b and c. 

Reaction left abutment — ^ w' + ^ w' = 22,500 Ibs. 

Horizontal strain at ^ . . ??:5ooj<_3o_^o ^ ^g^^^^ 

Horizontal strain at^ . . ^^>5oo x 45 - i^ooo x 15 (i _+2) ^ 

25,900. 

38,460 less 25,900 = 12,560 Ibs. = horizontal compo- 
nent of c d\ 

12,560 X ff = longitudinal tensión in cd' 16,713 Ibs. 

Máximum tensión on d e , moving load at b, c, and d, 

Reaction left abutment ^—^^~ w = 30,000. 
Horizontal strain at ^ = 30.000 x 45 ~ 1 5,000 j^ijií+j)^ 

51.923- 

TT • j. 1 X • 4. 30,000 X 60 — 15,000 X 15 (l + 2 + 3)" 

Horizontal stram at ^ = — —--- — ^—i—J-'f-'^ 

= 38461. 

51,923 less 38,461 = 13,462 Ibs., horizontal component. 

13,462 X If = longitudinal tensión, 17,052 Ibs. 
Máximum tensión oxv e f \ all points but f loaded 
with w\ 

Reaction left abutment ^"'"^f^"'"^ ^ ~ 35»ooo. 

TT • ^ 1 ^ • X. 35,000 X 60 15,000 X 15 (l + 2 -f 3> 

Horizontal strain at ^ = — ^Vt^; — -^-^ — ^^- 

= 64,103. 
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Horizontal strainat/= 3 5.000 x 75 - is ^gliüs U + g + 3+4) 

-^ 7-5 

= 50,cxx). 

64,103 less 50,000 = 14,103 = horizontal component 
14,103 X if = longitudinal tensión in e f, 15,983. 

The compressive strain in verticals from a moving 
load occurs when all panel-points between any given 
one and the abutment are loaded. Thus d d is com- 
pressed the greatest when b and c ox e and f are loaded. 
The strain (supposing the load is at b and c) on d d will 
be the vertical component from d e , less the tensión of 
one panel of dead load. It is necessary, then, to find the 
longitudinal strain on the different diagonals when the 
panel-points beyond are loaded, and that of the given 
diagonal unloaded. 

On c d\ when b alone is loaded, reaction = ^ w' = 
12,500. 

Horizontal strain at c = l?-'52^-^3o-i5,ooo^<^ ^ ^^ g^^ 

II. 7 

« u ^_- 12.500 X 45 — 15,000 X 30 _. g^-. 

12,820 less 8654 = 4166 = horizontal component, 
which multiplied by |-^ = 5521 = longitudinal strain. 
Converting this last strain into vertical strain by multi- 
plying it by the ratio of diagonal to vertical, or ^, the 
compression on post c (f from line load is obtained. 
Since there is always a tensión caused by one panel of 
dead load, the compression above found must be reduced 
by that amount, to obtain the máximum compression. 
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On d d\ when b and c are loaded, reaction = |^ o;' = 

22,500. 

Horizontal strain at ^/= 22, 500 x 45 - 15,000 x i 5ii_+j) = 

13 

25»963. 

Horizontal strain at e = "-^52^_><-^- ^s.ooox i5j^±^ ^ 

II. 7 

19.145- 

251963 less 19,145 = 6818 = horizontal component 
Multiplying this component by |^ = 5900; less 5000 = 
máximum compression on post d d' ^ 900. 

On e ^, when b, c, and d are loaded, reaction = ^ w' 

* 

= 30,000 Ibs. 

Horizontal strain at 

_ _ 30.000 X 60—15,000 X 15(1 + 2 + 3) __ o .f-_ 

Horizontal strain at 

/= 30^oooj<^ 75-:: 15,000 x_15 (2^3 + 4) -_ ^Qooo 

38,461 less 30,000 = 8461 horizontal component 
Converting this horizontal strain into vertical, there re- 
sults for compression on posts from live load 8461 Ibs. 
X ^ = 4230 Ibs. Since the tensión induced by dead 
load is 5000 Ibs., there can, therefore, be no compression 
whatever on post e e\ 

On b b' ox f f, there can be no other strain than that 
of tensión from w + w\ 

If the bowstring is inverted, the strains may be com- 
puted in the same way as above explained, but are re- 
versed in quality. The horizontal tie will become a 
compression chord, and the arch will be under tensión. 
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The posts, in this case, vvill be compressed from the 
dead load, the effect of which is therefore added to that 
of the diagonals (being of the same quality), instead 
of being subtracted as before. 

For a deck span this adaptation of the bowstring truss 
is to be commended as economical in material and 
pleasing in appearance. 



New Tork, March, 1876. 
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ACRICULTURE. 



DOWNINC. FRUIT8 AND FRUIT-TREES OF AMBRIOA; or tf\c 

Onlcare, Propagation, and Management in tíie Gaid<!n and 

Oichatd, oí Froit-trees generally, with descríptíona of aL the 

finest Tañetíes oí Fmitf Native and Foreign, coltívatetl in thia 

oountry. Bj A. J. Downing. Second reviáon and oorrcction, 

with large additions. By Chas. Downing. 1 toI. 8\o, oveí 

1100 pages, with several hondred outline engravinga Pnce, 

with Supplement for 1872 $5 00 

** As a work of referenoe it has no eqnal in this or^wtry, and deaenres a place in 
the Library of every Pomolo^st in America.'*— JTarsAa// P. ^YUaér, 

«* ENOYOIiOPEDIA CP FRUITS; or, Pruits and Pruit- 

Trees of America. Part 1.— Apples. With an Appendix 
oontaining many new varieties, and brought down to 1872. 
By Chas. Downing. With numerous outline engravinga. 8vo, 
fuUcioth $3 50 



•* BNCTOLOPEDIA OP PRUITS j or, Pruits and Pruit- 

Trees of America. Part 2. — Cherries, Gbapes, PEAcnES, 
Pears, &c. With an Appendix containing many new varíe- 
ties, and brought down to 1872. By Chas. Downing. With 
numerous outline engravings. 8vo, full cloth $2 50 

* FRUITS AND PRUIT-TREBS OP AMBRIOA. By A. J. 

Downing. First revised edition. By Chas. Downing 12mo, 
doth 

*• SBXjBOTED FRUITS. From Downing^s Fruits and Fruit- 

Trees of America. With some new varieties, including their 
Culture, Propagation, and Management in the Garden and 
Orchard, with a Guide to the selection of Fniits, with refer- 
enoe to the Time of Ripening. By Chas. Downing. Dius- 
trated with upwards of four hundred outlines of Apples, 
Cherríes, Grapes, Plums, Pears, &o. 1 vol., 12mo. . . .$2 50 

«* LOUDON'S GARDBNINQ POR LADIES, AND OOM- 

PANION TO THB PLOWBR-GARDBN. Second 
American from third London edition. Edited by A. J. 
Downing. 1 vol., 12mo $2 00 

DOWNING & THB THEORT OP HORTICULTURB. By J. Lindley. 
LINDLEY. With additions by A. J. Downing. 12mo, cloth $2 00 

DOWNING. OOTTAGB RESIDBNCB& A Series of Designs for Rural 

Cottages and Cottage Villas, with Garden Grounds. By A. 
J. Downing. Containing a revised List of Trees, Shrubs, 
and Plants, and the most recent and best selected Fruit, with 
some account of the newei «oyle of Gardens. By Heniy 
Winthrop Sargent and Charles Downing. With many new 
designa in Rural Architecture. B^ George £ Hamey. 
Aichitect. 1 voL 4to (6 00 
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DOWNiNG & HINTS TO PERSONS ABOUT BUUiDING IK THB 
WinHTWCK. OOUNTRY. By A. J. Downing. And HINTS TU 

YOUNG ARCHITECTS, calculated to facilítate iheir 
practícal operations. By Greorge Wightwick, Architect. 
Wood engravings. 8yo, cloth $2 00 

KÉMP. LANDSO APE GARDENING ; or, How to Lay Out a Gs>^ 

den, Intended as a general guide 5n choosing, formint^ 
or impioving an estáte (from a quarter of an acre to a hm 
dred acres in extent), with referenoe to both^design and exr> 
catión. With numerons fine wood engravinga. By Edwavd 
Eemp. 1 yol. 12mo, cloth. $2 5o 

LIEBIC CHEMI8TRY IN ITS APPLICATION TO AGRICUIí- 

TURE, &o, By Justas Yon Liebig. 12mo, cloth.. . .|1 00 

u LETTERS ON MODERN AGRIOULTURE. By Barón 

Von Liebig. Edited by John Blyth, M.D. With addenda 
by a practícal Agrícalturist, embracing yaloable saggestionfl^ 
adapted to the wants of AÍnerican Farmers. 1 yol. 12mo, 
cloth |1 00 

•• PRINOIPLES OF AGRIOUIiTURAL OHEMISTRT, with 

special reference to the late researches made in England. By 
Justas Yon Liebig. 1 yol. 12mo 75 cents. 

PARSONS. HISTORT AND CULTURE OF THE ROSE. By S. B. 

Parsons. 1 rol. 12mo $1 25 

ARCHITECTURE. 

DOWNINa COTTAGE RESEDENCES j or, a Series of Designs for Rural 

Cottages and Cottage Yillas and their G-ardens and.Grounds, 
adapted to North America. By A. J. Downing. Containing 
a reyised List of Trees, Shrubs, Plants, and the most recent 
and best selected Fruits. With some account of the newer 
style of Gardens, by Henry Wentworth Sargent and Charlea 
Downing. With many new designs in Rural Architectuxe by 
George E. Harney, Architect $6 OO 

DOWNING & HINTS TO PERSONS ABOUT 6UILDING IN THE 

WIGHTWICK. COUNTRY. By A. J. Downing. And HINTS TO 

YOUNG ARCHITECTS, calculated to facUitate their 
practical operations. By George Wightwick, Architect. 
With many wood-cuts. 8vo, doth. $2 00 

HATFIELD. THE AMERICAN HOUSE CARPBNTER. A Treatise 

npon Architecture, Comices, and Mouldings, Framing, Doors, 
Windows, and Stairs ; together with the most important 
principies of Practical Geometry. New, thoroughly revised, 
and improyed edition, with about 150 additional pages, and 
numerous additional platea. By R. G. Hatfíeld. 1 yol. 
8vo $3 50 

NOTIOKS OP THE WORK. 

**The clearest and most thoronghly practical work on the sa\-'ect." 

**ThÍ8 work is a most ezoellent one, rery comprehendvc, and lucidly arranged.** 

**This work commends Itself by ita practical ezoellence.^* 

** It is a valuable addition to the library of the architect, and almost indispenHiblt 
to every sdentiflc master-mechanic." — X. R. Jonnuü. 

HOLLY CARPENTERS' AND JOINERS' HAND-BOOE, contain- 
ing a Treatise on Framing, Roofis, etc., and useful Bules and 
Tablea. By H. W. HoUy. 1 yol. 18mo, doth $0 75 

" THE ART OP SAW-FUilNG SCIENTIFICALLY 

TREATED AND EXPLAINED. With Directions faz 

putting in order all kinds of Saws. By H. W. HoUy. í8mo, 

doth $0 75 

RUSKIN SE VEN LAMPS OF ARCHITECTURE, 1 yoL 12mo. 

doth, platea. $1 75 
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RUSKIN LEOTURES ON ARCHITECTURS AND PAINTINO 

ItoL 12mo, cloth,plAtes $1 50 

'* LEOTURB BEFORB SOOIZrrV OF AROHITEOTS. O lü 

WOOD. A TRB ATI8B ON THB RESI6TANOE OF MA* 

TBRIAIjS, and an Appendiz on the Premnratíon of Timbet 
B7 De Yolaoii Wood, Prof. of Engineeiing. University of 
Michignn. 2d edition, thoroughly reTÍaed. 8to, cioth.$3 00 

Thk work is nnd as a Text-Book tn lowm UniTeraity, lowa Agricnltu»! Coll«g«^ 
lUliMrifl Industrial Univerfiity, SheíBcld Scientífic School, New Uaveii, Cuo|ici 
IiMtitate, New York. Polytectuiic CoUt^e, Brooklyn, University of Michif^an. 
and other butícutiona. 

^ A TRBATISB ON BRIDGES. Designed bs a Text-book aud 

for Pnictical Use. By De Yolson Wood. 1 vol. 8vo, nu 
meroiia iÜDiitzatioiiB, $3 00 

ASSAYINC-ASTRONOMY. 

BODEMANN A TREATISE ON THE ASSATING OF IíEAD, SILVER, 

COPPER, aOU>, AND BftERCURT. By Bodemium 
and KerL Tranalated by W. A. Goodyear. 1 yoL 12mo. 
doth $2 5C 

MITCHELL. A BCANUAI. OF PRACTICAI. ASSATINa By John 

Mitchell. Fonrth edition, edited by Willianí Crookes. 1 yol. 
thick 8vo, doth. $10 00 

NORTON.' A TREATI8E ON ASTRONOBfY, SPHERICAI. AND 

FHTSICAIi, with Astronómica! Problema and Solar, Lunar, 
and other Astronomical Tablea for the ase of Colleges and 
Scientifíc Schools. By William A. Norton. Fonrth edition, 
levised, remodelled, and enlaiged. Nnmerons plateo. 8vo. 
doth |3 60 

BIBLES, &c 

BAGSTER. THE OOMMENTART WHOZXY BIBIJCAL. Contenta: 

— The Commentary : an Expoeition of the Oíd and New Tea- 
tamenta in the very worda of Scríptore. 2264 pp. II. An 
outline of the Geography and History of the Nationa men- 
tioned in Scripture. III. Tablea of Measnrea, Weighta, and 
Goin& lY. An Itinerary of the Children of larael from 
Eg-ypt to the Promised Land. Y. A Chronological compara- 
tive Table of the Einga and Propheta of larael and Judah. 
YL A Chart of the World'a History from Adam to the Third 
Century, A. D. YIL A complete Series of Illustrative Mapa. 
IX. A Chronological Arrangement of the Oíd and New Tea- 
tamenta. X. An Index to Doctrinea and Snbjecta, with 
numerona Selected Pasaages, quoted in fulL XL An Index 
to the Namea of Persona mentioned in Scripture. XII. An 
Index to the Namea of Placea found in Scripture. XIIL 
The Namea, Titlea^ and Charactera of Jeaua Cfairiat our Lord, 
aa reyealed in the Scripturea, methodically arranged. 

2 volumea 4to, cloth $19 50 

2 Yolumea 4to, half morocco, gilt edges 20 00 

2 Tolumea 4to, morooco, gilt edgea 85 00 

3 volumea 4to, cloth 20 00 

3 yolumea 4to, half morocco, gilt edgea 83 00 

3 yolumea 4t(), morocco, gilt edgea. 40 00 

Bl ANK-PAGED THE HOIjY SCRIPTURES OF THE OLD AND NEW 
BIBLE. TESTAMENTS; with copioua referencea to parallel and 
illuatratiye paasagea, and the altérnate pages ruled for MS. 
notea. 

Thia edition of the Scripturea oontains the Anthorized Yerslen, ülostrated by t)i« 
leferences of ^* BagRter's Polyglot Bible,'* and enriched with aocurate mnps 
naefal tablea, and an Index of Babjecta. 

1 yoL 8yo, morocco extra. $9 50 

1 yol 8vo, full morocco. 11 00 
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*THE TREASURY Conteliiiiig the anthorized English veieóon of the Holy SGriptnresk 
BIBLE* interleayed with a Treasuiy of more than 500,000 Parallel 

PaasagCB from Canne, Brown, Bla^niej, Scott, and othera 
With naxnerous iUustratÍTe notea. 

1 vol., halí bonnd $7 60 

1 roL, morocoo 10 00 

COMMON PRAYER. 48mo Size. 
(Done Hi Londan ejcpr€$i¡if/or im.) 

COMMON No. 1. Gilt and red edges, imitatíon morocoo $0 eSH 

PRAYER. No. 2. Güt and red edges, rima 87* 

No. 3. Oilt and red edges, best morocoo and oalf . ...... 1 25 

No. 4. Gilt and red edges, best morocoo and calí. rima. . 1 50 
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BOOK-KEEPiNC. 

BOOKESEPING AND ACCOUNTANTSHIP. Elementar^ 
and Practicai In two parta, with a Key for Teachen. By 
Thomas Jones, Aocountant and Teacher. 1 volume 8yo, 
cloth $2 50 

BOOKESISPING AND ACOGUNTANTSHIP. School Edi- 
tion. By Thomas Jones. 1 yol. 8vo, half roan $1 60 

BOOKESEPING AND ACOOUNTANTSHIP. Set of 
Blanka In 6 parts. By Thomas Jones $1 50 

BOOKKEEPING AND ACOGUNTANTSHIP. Bonble 
Entry; Results obtained from Single Ei\try; Equation of 
Payments, etc. By Thomas Jonea 1 yol. thin 8yo. . .$0 76 
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JOHNSON'S 



FRESENIUS. 
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KiRKWOOD 



MILLER. 
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CHEMISTRY. 

A SHORT OOUR8E IN QUAUTATIVE ANALTSISj 

with the new notation. By Prof. J. M. Crafts. Second 
edition. 1 yoL 12mo, doth f 1 50 

A MANUAL OF QUAUTATIVE CHEMIOAL ANAI.Y- 
SIS. By C. R. Fresenius. Translated into the New System, 
and newly edíted by Samuel W. Johnson, M.A., Prof. of 
Theoretical and Agricultural Chemistry, in the Sheffield 
Scientific School of Yale CoUege, New Hayen. 1 yol. 8vo, 
cloth. 1875 $4 60 

DITTO. Edition of 1874. 8yo, cloth $3. 00 

A S YSTE M OP INSTRUOTION IN QUANTTTATIVB 
OHEMIOAL ANAIiTSIS. By G. R. Fresenius. From 
latest editions, edlted, with additions, by Prof. S. W. John- 
Bon. 'With Chemical Notation and Nomendature, oíd and 
new $6 00 

OOIXEOTION OF REPORT8 (OONDENSED) AND 
OPINION8 OF CHEMISTS IN REGARD TO THE 
USE OF LEAD PIPE FOR 8ERVIOE PIPE, in the 

Distribution of Water for the Supply of Cities. By Jaa. P. 
Kirkwood. 8yo, cloth $160 

SLEMENTS OF CHEMISTRY, THEORETICAI. AND 
PRAOTIOAL. By Wm. Alien Miller. 8 yola. 8yo. .$18 00 

Part I.— OHEMIOAIi PHYSIOS. 1 yol 8yo. $4 00 

Part n.— INORGANIO OHEMISTRY. 1 yol. 8yo.. . . . 6 OC 

Part ni.--ORGANIO OHEBftISTRY. 1 yol. 8yo 10 00 

**Dr. Miller^t Chemistry is a work of whi(^ the aathor taaa ereiy reanon to fed 
proud. It is now by f ar tbe laigeat and most aocnrately written Treatiae oo 
Chemistry in the EngU^ ]anguage,** etc.— DMMVn Med, Journal. 

BCAGNETISM AND EliEOTRIOITY. By Wm. AUen Millei. 
1 yoL 8yo $2 50 
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>MUSPRATT. OHEMI8TRY— THBORBTIOAIi, PRACTIOAX«, AND 

ANALYTIOAIj— as applied and lelatáng to the Arta and 
Manníactarea. By Dr. Sherídan Muspratt. 2 vola. 8to. 
oLoth, $19.00; half ruaaia $25 00 

PERKINS. AN EUaikflBNTARY MANUAL OF QUAUTATIVS 

CHEMIOAIi ANAI«TSI& By Manríoe Perkina. 12mo. 
oloth. $1 00 

THORPE. QUANTITATIVIS OHBMIOAL ANALTSIS. By T. B. 

Thorpe, Prof . of Chemistry, Glasgow. 1 yoL 18mo, platea. 
Cloth $1 75 

Prqf. S. ir. Johiuon mjn of thiB work :—> " I Imow of no other small book of 
anjTthing like its valué." 

**ThLs rerj exoellont and ordinal work has long bma waited íor by ■Gientifl« 
men.** — Sde/Ui/tc Amerioan, 

DRAWING AND PAINTING. 

BOUViER HANDBOOK ON OIL PAINTINQ. Handbook of Yoong 

AND OTHERS. Artists and Amateora in Oil Painting; being chiefly a cx>n- 

densed compilation from the oelebrated Manual of Bonvier, 
with additional matter selected from the labora of Merríwell, 
De Montalbert, and other distingiiished Continental wrítere 
on the art. In 7 parta. Adapted for a Text-Book in 
Academies of both sezes, as well as for self-instmction. 
Appended, a new Explanatory and Critioal Yocabolaiy. By 
an American Artist. 12mo, cloth. $2 00 

COE. PROGRSSSnrB DRAWINQ BOOK. By Benj. H. Coe. 

OneYoL,cloth $3 50 

»« DRAWING FOR IJTTIiB FOIjKS ; or, First Lessons for 

the Nuraery. 30 drawings. Neat cover $0 20 

" FIRST STÜDIEB IN DRAWING. Containing Elementary 

Exercises, Drawings from Objects, Animáis, and Ruatio 
Figures. Complete in tht-ec nwnbera of 18 studies each, in 
neat covers. Each $0.20 

** OOTTAGBS. An Introduction to Landscape Drawing. Con- 

taiviiig 72 Stmiies. Complete in four numbers of 18 studies 
each, in neat covers. Each $0.20 

** BASY LESSONS IN LANDSOAPE. Complete in four 

numbers of 10 Studies each. In neat 8yo cover. Each, $0 20 

•* HEADS, ANIMALS, AND FIGURES. Adapted to Pencü 

Drawing. Complete in three numbers of 10 Studies each. 
In neat 8vo covers. Each $0 20 

** OOPy BOOK, WITH INSTRUOTION8 $0 37t 

MAHAN. INDUSTRIAL DRAWING. Comprising the Description and 

Uses of Drawing Instruments, the Construction of Plañe 
Figures, the Projectlons and Sectionsof Geometrical Solida, 
Architectural Elements, Mechani>m, and Topograi>hical 
Drawing. With remarks on the method of Teaching th« 
subject. For the use of Academies and Common Schools. 
By Prof. D. H. Mahan. 1 voL 8vo. Twenty steel platos. 

Fulidoth $3 00 

RUSKIN. THE ELEMENTS OF DRAWING. In Three Letters to 

Beginners. By John Ruskin. 1 vol. 12mo $1 00 

u THE ELEMENTS OF PERSPEOTIVE. Arranged for the 

ose of Schools. By John Ruskin $1 OO 

SMITH. A MANUAL OF TOPOGRAPHIOAL DRAWING. By 

Prof. R. S. Smith. New edition with additiona. 1 vol. 
8vo, cloth, platos $2.00 

" MANUAL OF LINEAR PERSPEOTIVE. Form, Shade, 

Shadow, and Reflection. By Prof. R. S. Smith. 1 vol. 8vo, 
platés, cloth $2 00 

WARREN. 1. ELEMENTARY FREE-HAND GEOMETRICAL DRAWING. 

A series of progressive exercises on regnilar lines and forma, 
including systematic instruction in lettering; a training oi 
the eye and hond for all who are leaming to draw. 12mo, 

cloth, many cuts 7o cts. 

DITTO, including J. raftin^InstrumentSy etc. 12mo, oi. .$1 75 
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BLEMENTARY WORKS.— Contmned. 

WARREN 2. PLAÑE PBOBLEMS IN ELE3IENTARY GEOMETRY. Wifch 

numerous wood-ciits. 12mo, cluth $1 20 

8. DRAFTING INSTRUMENTS AND OPERATIONS. Con- 
tainJTig fall information about all the instroments and 
mateiials nsed bj the drafismen, with foll directions f or their 
UBe. With platea and wood-cuts. One vol. 12mo, doth, $1 26 

4. BLEMENTARY PROJECTION DRAWING. Reviaed and en- 
larged edition. In fíve divisions. Thi« and the last volame 
are f avorite text-books, especially yaluable to alL Meohanical 
Artisans, and are particularly recommended for the use oí aU 
higher public and prívate schools. New reyised and enlarged 
edition, with numerous wood-cuts and platea. (1872. ) 1 2mo. 
doth $1 50 

6, BLEMENTARY LINEAR PERSPECTIVB OF FORMS AND 
SHADOWS. Part I.— Primitive Methods, with an Introduo- 
tion. Part n. — Deriyative Methods, with Notea on Aerial 
Perapective, and many Practícal £xample& Numerous wood- 
outa. 1 voL 12mo, doth. $1 00 

.n. HIGHER WORKS. 

Theae are deaigned príncipally for Schoola oí Eng^neeriIlg and 
Architecture, and for the membera genenilly of those pro.^essiona; 
and the fírst three are also deaigned for use in thoae collegeid which 
provide coursea of atudy adapted to the preliminary * general 
training of candidatea for the acientifíc profesaiona, aa weU aa fox 
those technical achoola which undertake that training themaelvea 

1. DESCRIPTIVE GEOMETRY, OR GENERAL PROBLEMS 

OF ORTHOGRAPHIC PROJECTIONS. The foundatíon 
sourse for the aubsequent theoretical and practical worka. 
1 vol. 8vo, .24 folding platea and woodcuts $3 50 

2. GENERAL PROBLEMS OF SHADES AND SHADOWS. A 

wider range of problema than can elaewhere be found in 
Engliah, and the prínciplea of shading. 1 yol 8yo, with 
numerous platea. Oloth. $3 00 

8. HIGHER LINEAR PERSPECTIVE. Diatinguiahed by its con- 
oiae aummaiy of varíoua methoda of perapeotive conatructíon ; 
a fu]l aet of atandard problema, and a careful discussion of 
special higher ones. With numerous large platea 8yo, 
dotK |3 50 

4. BLEMENTS OF MACHINE CONSTRUCTION AND DRAW- 
ING; or, Machine Drawinga. With some elementa of deacrip- 
tive and rational cinemática. A Text-Book for Schoola oí 
Civil and Mechanical Engineeríng, and for the une of Me- 
ohanical Eatablishments, Artisans, and Inventora. Containing 
the prínciplea of gearínga, acrew propellera, valve motiona, and 
govemora, and many standard and novel exa mplea, mostly from 
preaent Amerícan practico. By S. Edwari Warren. 2 yola 
8vo. 1 yol text and cuta, and 1 vol. large platea. • . . $7 50 

8TONS OUTTING. A Treattse on the Graphica and Practico 
of Stone Cutting, for Engineers, Architecta, Masona, and 
Btadents. 1 vol. 8vo, platea |2 50 

A FBW FROM MANY TE8TIM0NIALS. 

••It Beemfl to me that your Works only need a thorough examinntlon to be intro- 
duoed and permanently used In all the Scientiflc and Engineering Schools." 
— ^Prof . J. G. FOX, Collegiate atid Englueering Itatitute^ Neu) Vork CUy. 

"I ha ve used several of your Elementary Works, and bolievo them to be btittor 
adsptcd to the pnrposes of instmction than any others with which I am 
•oquainted."— H. F. WALLINO, Prqf. q/" Civü and Topoffraphioal Eug^ 
nmring ^ Lqfat/eue CoUege^ Easton^ Pa. 

*^The anthor haa happily divided the snbjecu Ínto two great portíona: thefoimei 
embraclng tho.se |>rocessefl and problema proper to be tanghf to aJ) stndentn in 
Ingtitntions of Elementary Instruction ; the latter. those «u.ted to advaiuwd 
«Indents preparíng for tochnical purpones. The Elernenuury Booka ought to 
be nsed in all High Schoola and Academies; the Higher o&es in fVdiooLiQl 
Itehnolocy.''— WM. W. FOLWBLL, JYt$t4UHt qf UuiMrm» qfMitu 
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CALVERT. 



MACFARLANE. 



««EIMANN 



AUSTIN. 



COLBURN 



DU BOIS. 



HERSCHEL 



MAHAN. 



DYEINC, &c 

DTEINa AND CAUCO PRINnNG. By O. Calvert. 
Edited hj Br. Stenhouse and C. E. Groves. lUustrated with 
wood engravingB and specimens oí printed and dyed fabrica. 
(Beadj in October.) 1 vol. 8vo $8 00 

A PRACTICAL TRE ATIBE ON DTEINa AND CAZJOa 
PRINTINQ. Incloding the latest Inventáoua and ImproYe- 
ments. With an Appendiuc, compriaing defínitíona of ohemioal 
terma, with tablea of Weights, Meaanrea, <&o. By an ezpe- 
rienced Dyer. With a supplement, oontaining the mosl 
xecent diflcoYeries in color ohemistry. By Bobert Macfarlane. 
1 vol. 8vo $5 00 

A TREATISE ON THE MANUFACTURE OF ANILINB 

AND ANELINE COIiORa By M. Reimann. To which 

is added the Report on the Coloring Matteis deriyed f rom 

Goal Tar, a8 shown at the French Ezhibition, 1867. By Dr. 

Hof mann. Edited by Wm. Crookes. 1 yoI 8to, doth, $2 50 

** J>r. Reimiuin^B portion of the Treatiae, written in oonciae langunge, ifl profonndly 
pnctioBl, giving tüe minntest detailB of the prooeseeH for obtaininer all tbt 
more important colora, with woodcuta of apparatos. Taken in oonjunction 
with Hofmann'B Report, we have now a complete liiRtory of Goal Tar Dye^ 
both theoretical and practioaL^^CAtfmM and Druggiat, 

ENCINEERINa 

A PRACTICA!^ TRBATISE ON THE FREPARATION, 
COMBINATION, AND APPLICATION OF CALCA- 
REOUS AND HYDRAUUO LIMES AND CEMENTA 

To which is added many useful recipes for varioua scientifío, 
mercantile, and domestío purposes. By James G. Austin. 
1 vol. 12mo $3 00 

LOCOMOTIVE ENGINEERING AND THE MECHAN- 
ISM OF RAILWAYS. A Treatiae on the Principies and 
Construction of the Locomotive Engine, Eailway Carriages, 
and Bailway Plant, with examples. Bluatrated by Sixty-f ouz 
large engravings and two hnndred and forty woodcuta. B7 
Zerah Colbum. Complete, 20 parta, $15.00; or 2 vola. 

cloth $16 00 

Or, half morocco, gilt top $20 00 

1. ELEMENTS OF GRAPHICAL STATICS, and theiz 

Application to Framed Structures, etc. Granes ; Bridge, 
Boof , and Suspensión Trusses ; Braced and Stone Arches ; 
Pivot and Draw Spans ; Continuous Girders, etc. By A. J. 
Du Bois, C.E., Ph.D. 2 vols. 8vo, 1 voL text and 1 vol. 
platas $5 00 

2. A HANDBOOK FOR BRIDGE ENGINEER8. By O. 

Herschel. In 3 vols. Each vol. complete in itself. VoU L 
Straight and Beam Bridges. Vol. II. Suspensión and Arched 
Bridges. Vol. III. Stone Bridges; Bridge Piers and theii 
Foundations. 

AN ELEMENTART COURSE OF CIVIL ENGINER- 
ING, for the use of the Gadeta of the U. S. Military Academy. 
By D. H. Mahan. 1 vol. 8vo, with numeroua illustrations, 
and an Appendix and general Index. Edited by Prof. De 
Volson Wood. Full cloth $5 00 

DESCRIPTIVE GEOMETRT, as applied to the Drawing of 
Fortifications and Stone-Cutting. For the use of the Gadeta 
of the U. S. Military Academy. By Prof. D. BL Mahan. 
1 voL 8vo. Platea $1 50 

A TRBATISE ON FIELD FORTIFICATIONS. Gontain- 
ing instructions on the Methods of Laying Oat, Gonstmcting, 
Defending, and Attacking Entrenchmonts. With the General 
OuÜines, also, of the Arrangement, the Attiick, and Defence 
of Permanent Fortifications. By Prof. D. H. Mahan. New 
edition, revised and enlarged. 1 voL 8vo, full cloth, with 
plates $3 50 

ELEMENTS OF PERMANENT FORTIFICATIONa By 

Prof. D. H. Mahan. 1 vól. 8vo, withnumerous large platea. 
Revised and edited by Col. .T B. WK.^- . ?• ¡í^O 50 
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MAHAN. ADVANCED GUARD, OUT-POST, and Detachment Scffvloc 

oí Troops, with the Essential Principies oí Stratc^ and 
Grand Tactics. For the use of Officera of the Militia and 
Volunteers. By Prof. D. H. Mahan. New edition, with 
large additions and 12 platea. 1 yoL ISmo, cloth $1 50 

MAHAN MEOHANTOAIi PRINCIPLES OF ENGINEERINQ 

& MOSELY. AND ARCHITEOTURE. By Henry Mosely, M. A., F.E.S. 

From last London edition, witii considerable additionB, by 
Prof. B. H. Mahan, LL.D., of the U. S. Military Academy. 
1 vol. 8vo, 700 pages. With nnmerous cuta. Cloth. . .$5 00 

MAHAN HYDRAULIO MOTORS. Translated from the French Goun 

& BRESSE. de Mecanique, appliqa~ée par M. Bresse. By Lieut. F. A. 

Mahan, and revised by Prof. D. H. Mahan. 1 vol. 8vo, 
platea. 1876 $2 50 

WOOD. A TREATISE ON THE RESISTANOE OF MATE- 

RIAIiS, and an Appendix on the Preservation of Timber. 
By De Volson Wood, Prof essor of Engineering, Universlty of 

Michigan. 1 vol. 8yo, cloth $8 00 

A TREATISE ON BRIDGES. Besigned as a Text-book and 
for Practical Use. By De Volson Wood. 1 vol. 8vo, nume- 
róos illustrations, cloth $3 00 



BAC8TER. 



«t 



u 



tt 



CREENFIELD 



ti 



CREEN. 



tt 



í^LETTERIS 



CREEK. 

GREEE TESTAMENT, ETC. The Critica! Greek and 
English New Testament in Parallel Columns, consisting of 
the Greek Text of Scholz, readings of Griesbach, etc., etc. 

1 yol. 18mo, half morocco $2 51 

do. Full morocco, gilt edgea 4 50 

With Lexicón, by T. S. Green. Half-bound 4 00 

do. Full morocco, gilt edgea 6 00 



GREEK TESTAMENT. Lexicón and Concordance. 

Half-bound $5 00 

^—^ Morocco limp, $6.50; morocco flaps, $7.00; morocco 

flaps, calf lined 7 50 

THE ANALYTICAI. GREEE LEXICÓN TO THE NEW 
TESTAMENT. In which, by an alphabetical arrangement^ 
ÍB found every word in the Greek text in eoery form in ichícn 
it appears — that ia to say, every occurrent peraon, numlDer, 
tense or mood of verbs, every case and number of nouns, pro- 
nouns, &G. , is placed in its alphabetical order, fully explained 
by a careful grammatical analysis and referred to ita root. 
1 voL small 4to, half-bound $6 50 

GREEE TESTAMENTA By Griesbach and Greenfíeld. 32mo. 
Half-bound $175 

DITTO. With Lexicón. 32mo, half-bound $2 25 

GREEE LEXICÓN (Polymicrian. ) 32mo, half.bound..$l 00 

GREEE-ENGLISH LEXICÓN TO TESTAMENT. By 
T. S. Green. Half morocco $1 6C 

HEBREW. 

A ORAMMAR OF THE HFBREW LANGUAGE. With 
copiouR Appendixes. By W. H. Green, D.D., Prof essor in 
Piinceton Theological Seminary. 1 vol. 8vo, cloth. . . .$3 50 

AN ELEMENTART HEBREW GRAMMAR. With 
Tables, Reading Exercises, and Vocabulary. By Prof. W. H. 
Green, D.D. 1 voL 12mo, cloth $1 26 

HEBREW CHRESTOMATHY; or, Lessons in Readíiag and 
Writing Hebrew. By Prof. W. H. Green, D.D. 1 vol. 8vo, 
cloth ; $2 00 

A NEW AND BEAUTIFUL EDITION OF THE HE- 
BREW BIBLE. Revised and carefully examined by Myer 
Levi Letteris. 1 vol. 8vo, with key, marble edgea $2 50 

*^ThÍ8edition han a large and mnch more legible type than the known oneyoluma 
editionn, and the prinfe íb exoeUent, while the ñame of Letteris is a auffident 
iruarantee for correeui«ia.'* -iSev. Dr, i. M. WIÍ^Ih EkUtor c/th$ Ismaslisb 
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*BACSTER'S. 



BACSTER'S BAGSTER'S COMPLETE EDITION OF OBSBNItJff 

CESEN lUS. HEBREW AND CHALDEB LBXICON. In laige. 

olear, and perfect type. TrnnBlated and edited with addi- 

tions and ooirections, by S. P. Tregelles, LL.D. 

In tbia edition gnat care han been taken to frnftrd the itudent trota NeologlMl 
tendencies by suitable romurkit wheoever noeded. 

"The carefnl revinal to which the Lexicón has been Babjeoted by a faithfnl aud 
Orthodox tranfdator cxoeedingly enhanoes tho practical Talue oí thia editicn." 
— Edinburgh EccletiíasUcal JounuU, 

Small4to, halí bonnd $7 00 

ANAIiYTICAIi HEBRXSW AND OHALDEE LEXIOON. 

With an Alphabetical Arrangement of every Word in Oíd 
Testament, &c., &c. By ii. Davidson. 1 yol. small 4to, 
half -bound $1 l.OÓ 

NBW POCKET HEBREW AND ENGLISH LEXICÓN 

The arrangement of this Manual Lexicón combines two 

things — the etTmological order of roots and the alphabetical 

order of worda. This arrangement tends to lead the leamer 

onward; for, as he beoomes more at home with roots and 

derívatives, he leams to tum at once to the root, without first 

searohing for the particular word in its alphabetio order. 1 

▼oL 18mo, cloth |2 00 

**ThlB i8 the mo8t beantifnl, and at the flame time the mont correct and paifeol 
Manual Hebzetr Lexicón we have ever uaed.**— ^cldctic Rwiea, 



BODEMANN. 



CROOKES 



DUNLAP. 



FAIRBAIRN 

FRENCH. 

KIRKWOOD 



FITZGERALD 



HOLLY. 



IRON, METALLURCY. &c. 

A TREATISE ON THE ASSAYING OF LEAD, SILVER, 
COPPER, GOLD, AND MERCURT. By Bodemann <& 
Kerl. Translated b/ W. A. Goodyear. 1 vol. 12mo, $2 50 

A PRACTICAL TREATISE ON METALLURGY. Adap. 
ted from the last Germán edition of Prof . KerPs Metallurgy. 
By William Crookes and Emst Rohrig. In three vols. thick 

8vo. Price $3 O 00 

Separately. Vol. 1. Lead, Silver, Zinc, Gadmium, Tin, Mer- 
cury, Bismuth, Antimony, Nickel, Arsenic, Gold, Platinum, 

andSúlphur $10 00 

Vol. 2. Copper and Iron 10 00 

VoL 3. Steel, Fuel, and Supplement 10 00 

WILET'S AMERICAN IRON TRADE MANUAL of th« 
leading Iron Industries of the United States. With a 
description of the Blost Fumnces, Kolling Mills, Bessemer 
Sbt^el Woirks, Crucible Steel Works, Car Wheel and Car 
Works, Locomotive Works, Steam Engine and Machine 
Works, Iron Bridge Works, Stove Foundries, &c., g^ving 
their location and capacity of product. With some account 
of Iron Ores. By Thomas Dunlap, of Philadelphia. 1 rol. 
4to. Price to subscribers $7 60 

CAST AND WROUGHT IRON FOR BUILDING. By 

Wm. Fairbairn. 8vo, doth $2 00 

HISTORY OF IRON TRADE, FROM 1621 TO 1857. By 
B. F. French. Svo, doth. $2 00 

COLLECTION OF REPORTS (CONDENSED) AND 
OPINIONS OF CHEMISTS IN REGARD TO THE 
USE OF LEAD PIPE FOR SERVICE PIPE, in the 

Distribution of Water for the Supply of Gitiea. By I. P. 
Kirkwood, G.B. Svo, doth : |1 50 

MACHINISTS-MECHANICS. 

THE BOSTON MACHINIST. A complete School for the 
Apprentice and Advanced Machinist. By W. Fitzgerald. 1 
voL 18mo, doth $0 75 

SAW FILING. The Art of Saw Füing Scientifically Treated 
and Explained. With Directions for puttíng in order all kindí 
of Saws, from a Jeweller's Saw to a Steam Saw-milL lUus- 
trated by fortv-four engravings. Third edition. By H. W. 
HoUy. 1 voL'^lSmo, doth fO 75 



10 



JOHN WILET A SOn's LIST OF PUBLICATIONS. 



TURNINGí &e. 



TURNING, &c. 
WtLLIS. 



BOOTH. 



CELDARD. 



BULL. 



FRANCKE 



CREEN 



LATHE, THE, AND ITS USES, ETC.; or, tnstractioii is 
the Art of Tuming Wood and Metal. Including u descrip- 
tion of the most modera apphances for the omamentation oí 
plañe and curved snrfaces, with a description also of au 
entírely novel form of JjatJie for Eccentric and Rose Enirine 
Tuming, a Lathe and Tuming Machine combined, and othér 
valuable matter relating to tííie Art. / 1 voL 8vo, copiously 
illustrated. Including Supplement. 8vo, cloth $7 00 

"The most complete work on the sabject ever publiahed/^ — Amitncan Artisan. 

" Uere is an invahiable book to the practioal workman and aoiateur/* — London 
Weekly Jímea. 



SUPPLEMENT AND INDEX TO 
USES. Large type. Paper, 8yo... 



AND ITS 

$0 9e 



PRINCIPLES OF MECHANISM. Designed for the use A 
Students in the Universities and for Engineering Studenti 
generally. By Rf.bert Willis, M.D., F.R.S., President of the 
Brítish Associatíon for the Advancement of Science, &c. , &o. 
Second edition, enlarged. 1 vol. 8vo, cloth $7 60 

%• It oufrht to be in every large Machine Workghop Office, in every School of 
Mechanical Engineering at Icarit, and in the hands of eveiy Profesaor of 
Jlechanics, &e.— Prof. S. EDWARD WARBEN. 

MANUFACTURES. 

NEW AND COMPLETE CLOCK AND WATCH 
MAKERS' MANUAL. Comprising descríptions of the 
▼arious geaiings, escapements, and Compensations now in 
use in French, Swiss, and English docks and watches, Pateuts, 
Tools, etc. , with directions for cleaning and repairing. With 
numerous engravings. Compiled from the French, with an 
Appendix containing a History of Clock «md Watch Making in 
America. By Maiy L. Booth. With numerous plates. 1 
vol. 12mo, cloth $2 00 

HANDBOOK ON COTTON MANUFACTURE; or, A 
Guide to Machine-Building, Spinning, and Weaving. 
With practical examples, all needful calculations, and many 
useful and important tablea. The whole intended to be a 
complete yeb compact authority for the manufacture of 
cotton. By James Greldard. With steel engravings. 1 vol. 
12mo, doth $2 50 

MEDICAL, &o. 

filNTS TO MOTHERS FOR THE MANAGEMENT OF 
HEALTH DURING THE PERIOD OF PREG- 
NANCY, AND IN THE LTING-IN ROOM. With an 
exposure of popular errors in connection with those subjects. 
By Thomas Bull, M.D. 1 vol. 12mo, cloth $1 00 

OUTLINES OF A NEW THEORT OF DISEASE, applicd 
to Hydropathy, showing that water is the only true remedy. 
With observations on the errors committed in the practlce ot 
Hydropathy, notes on the cure of cholera by cold water, and 
a critique on Priessnitz^s mode of treatment. Intended foi 
popular use. By the late H. Francke. Translated from the 
Germán by Robert Blakie, M.D. 1 vol. 12mo, cloth. . .$1 50 

A TREATISE ON DISEASES OF THE AIR PASSAGES. 

Comprising an inquiry into the History, Pathology, Causes, 
and Treatment of those Affections of the Throat called Bron 
ohitis, Chronic Laryngitis, Clergyman's Sore Throat, etc. , eta 
By Horace Green, M. D. Fourth edition, re vised and enlarged 
1 vol. 8vo, cloth $3 00 

A PRACTICAL TREATISE ON PULMONART TUBER- 
CULOSIS, embracing its History, Pathology, and Treat- 
ment. By Horace Green, ALD. Colored platea 1 vol. 8vo, 
doth. $5 00 
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CREEN. 



TILT. 



VON DUBEN. 



BRUSH. 



DANA. 



DANA & BRUSH 
DANA. 



44 



B Al LEY. 
CARLYLE. 

CATLIN. 

CHEEVER. 

44 
44 



44 



CONYBEARE. 
CHILD'S BOOK 



OBSERVATION8 ON THB PATHOIiOQT OF OROUP 

With Remarks on ita Treatment bj Topioal Medioatioiía. Bj 
Horaoe Oreen, M.D. 1 toL 8yo, cloth $1 30 

ON TH£ SURQIOAI. TREATMENT OF POIiTPI OF 
THB liARYNX. AND CBDEMA OF THB GIiOTTia 

BjUorace Oreen,' M.D. 1 vol. 8yo |1 35 

FAVORTTE FRESORIPnONS OF UVING PRAOTI 
TIONERS. With a Toxicological Table, ezhibiting the 
Sjmptoma oí Poisoning, the Antidotes f or each Poison, and 
the Test proT)er for their detection. By Horaoe Oreen. 1 
▼oL 8vo, doth $3 60 

ON THE PRESERVATION OF THB HEALTH OF 
WOMEN JíT THE ORITIOAIi PERIODS OF UFE. 

By E. O. Tüt, M.D. 1 voL 18mo, cloth $0 60 

GUSTAF VON DUBEN'S TREATISE ON MIORO- 
SCOPICAIi DIAGNOSIS. With 71 engrayings. Trana- 
lated, with additions, by Prof. Louia Baner, M.D. 1 vol. 8to, 
doth $1 00 

MINERALOCY. 

MANUAIi OF DETERMINATIVE MINERALOGY, with 
an Introduction on Blow-Pipe AnalysiB. By Prof. Geo. J. 
Brush. 1 voL 8vo $3 00 

DESORIPnVE MINERAIjOGT. Comprísing the most re- 
cent DiacoYeries. Fifth edition. Almofit entirely re-written 
and greatly enlarged. Goutaining nearly 900 pages 8yo, and 
upwardB oí GOO wood engravinga. By Prof. J. Dana. 
Cloth $10 00 

** We taaTe uned a good many worka on Minemlogy, but have met with none that 
begin to compare with thia in fuJucas of plan, detall, aud exeoution.^*— 
Americati Jounuü qf MitUng. 

.APPENDIZES TO DANA'S MINERALOGY, bringing 

the work down to 1875. 8vo |1 00 

DETERMINATIVE MINERAIiOGT. (See Brush's Blow- 
Pipe, etc.). 1 voL 8vo, cloth $3 00 

A TEZT-BOOE OF MINERAIjOGT. 1 toL (In piepa 

ration.) 

MISCELLANEOUS. 

THE NEW TAIiE OF A TUB. An adventnre in yersa By 
F. yí. N. Baüey. With ülustrations. 1 vol 8vo $0 75 

ON HÉROES, HERO-WORSHIP, AND THE HERCIO IN 
HISTORY. Six Lectnres. Reportad, with emendationin and 
additiona. By Thomaa Carlyle. 1 vol. 13mo, cloth. . .$0 75 

THB BREATH OF UFE; or, Mal-Respiration and ita 
Effects upen the Enjo3rments and Life of Man. By Oeo. 

Gatlin. With numeroiis wood engrayings. 1 vol. 8vo, $0 76 

OAPITAL PUNISHMENT. A Defence of. By Rey. Oeorge 
B. Cheever, D.D. Cloth $0 50 

TTTT.T. DIFFIOULTT, and other Miscellanieo. By Rev. 
Oeorge B. Cheever, D.D. 1 voL 12mo, doth |1 00 

JOURNAL OF THE PILGRIMS AT PLYMOUTH ROOE. 

By Geo. B. Cheever, D. D. 1 vol. 12mo, doth $1 00 

WANDERINGS OF A PILGRIM IN THE ALPS. By 
Oeorge B. Cheever, D.D. 1 vol. 12mo, doth $1 00 

WANDERINGS OF THE RIVER OF THE WATER OF 
UFE. By Rev. Dr. Oeorge B. Cheever. I vcL 12uio. 
doth $1 00 

ON INFIDELITY. 12mo, doth 100 

OF FAVORITE STORIES. Laige colored platea 4to. 
doth. $1 50 
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EDWARDS FREE TOWN LIBRARIBS. The Formaron, Management 

and History in Britain, Franca, Germán^, and America. 
Together with brief noticea of book-coUectoní, and oí th6 
respective places of deposit of their surviving oollectáons. 
By Bdward Edwards. 1 voL thick 8vo $4 00 

CREEN. THE PBNTATEUOH VINDICATBD FROM THE AS* 

PERSIONS OF BISHOF OOLENSO. By Wm. Heniy 
Green, Prof. Theological Seminary, Princeton, N. J. 1 voL 
12mo, clotii $1 35 

COURAUO. PHRBNO-MNEMOTEOHNYj or, The Art of Memory. 

The seríes of Lectures explanatory of the principies of the 
^stem. By Francia Fauvel-Gonraud. 1 vol. 8vo, cloth, $2 00 

^ PHRENO-MNEMOTEOHNIO DICTIONART. Being a 

Philosophical Classification of all the Homophonic Words of 
the English Language. To be used in the application of the 
Phreno-Mnemotechnic Principies. By Francis Fauvel-G^n- 
raud. 1 voL 8vo, cloth. $2 00 

HEIGHWAY I^EILA ADA. 12mo, cloth 100 

« LEILA ADA'S RELATIVEa 12mo, cloth 1 00 

KELLY. CATALOGUE OF AMERICAN BOOES. The American 

Catalogue of Books, from January, 1861, to Januaiy, 1866. 
Gompiled by James Kelly. 1 yol. 8vo, net cash $5 00 

<^ CATAIiOGUB OF AMERICAN BOOKS. The American 

Catalogue of Books from January, 1866, to January, 1871. 
Gompiled by James Kelly. 1 voL 8vo, net $7 50 

MAVER8 OCLIiEOTION OF GENUINE SCOTTISH MBLODIES. 

For the Piano-Forte or Harmonium, in keys suitable for the 
Yoice. Harmonized by G. H. Morine. Edited by Geo. Alex- 
ander. 1 voL 4to, half calí $10 00 

PARKER. QUADRATURE OF TRE OIROLE. Containing demon- 

strations of the errors of Geometers in finding the Approxi- 
matioDS in Use ; and including Lectures on Polar Magnetism 
and Non-Exístence of Projectile Forces in Nature. By 
John A. Parker. 1 vol 8vo, doth $2 50 

STORY OF A POCKET BIBLE. Dlustrated. 12mo, cloth $1 00 

SVEDELIUS. HAND-BOOE FOR CHARCOAL BURNERa Translated 

from the Swedish by Prof. R. B. Anderson, and edited by 
Prof. W. J. L. Nicodemufl, C.E. 1 vol., 12mo. Plates. 

Gloth. $1 50 

TUPPER. PROVERBIAL PHILOSOPHY. 12mo $1 00 

W ALTON THE COMPLETE ANGLER; or, The Contemplative Man'a 

& COTTON. Recreation, by Isaac Walton, and Instructions how to Angle 

for a Trout or Grayling in a Olear Stream, by Charlea 
Cotton, with copious notes, for the most part original. A 
bibliographical preface, giving an account of fiídiing and 
Fishing Books, from tíie earliest antiqnity to the time of 
Walton, and a notice of Cotton and Ms writings, by Rev. 
Dr. Bethune. To which is added an appendix, including 
the most complete catalogue of books in angling ever printed, 
&c. Also a general Índex to the whole work. 1 vol. 12mo, 
doth, $3 00 

WILLIAMS. THE MIEDLE KINGDOM. A Survey of the Geography, 

Qovei-nment, Education, Social Life, Arla, Religión, «fea, oí 
the Chínese Empire and its Inhabitants. With a new map oí 
the Empire. By S. Wells Williams. Fourth odition. in 
2to]0 ti 00 
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RUSKIN 



RUSK I N*S WORKS. 

MODERN PAINTERa 5 Tok. tínted paper, beyelled boarda, 
platea, inbox $1800 

MODEBN PAINTBRa 5 yoIs. half calí 27 00 

'* " " without platee 12 00 

•* ** " " half calf , 20 00 

VoL 1.— Part 1. General Principies. Part 2. Tnith. 
Yol 2.— Part 8. Of Ideas of Beanty. 
VoL 3.— -Part 4. Of Many Things. 
VoL 4. — Part 5. Of Monntain Beauty. 
VoL 5.— Part 6. Leaf Beauty. Part 7. Of Cloud Beaniy. Part. 

8. Ideas of Relation of Invention, FormaL Part 0. Ideas of 

Relation of Inyention, SpiritoaL 

STONES OF VENICE. 3 yoIs., on tinted paper^ bo^elled 
boards, in box $7 00 

STONES OF VENIOE. 3 yoIs., on tinted papei. half 
calt $12 00 

STONES OF VENIOE. 3 vols., doth 7 00 

VoL 1. — The Foundations. 
VoL 2.— The Sea Storiea, 
VoL 3.— The Fall. 

8EVEN LAMPS OF AROHITEOTURE. With illnstrations, 
drawn and etched bj the authora. 1 voL 12mo, cloth, $1 75 

LEOTURES ON ARCHITECTURE AND PAINTING. 
With illas trations drawn by the author. 1 yol. 12mo, 
cloth $1 50 

THE TWO PATHS. Being Lectores on Art, and its Appli- 
cation to Decoration and Monafactore. With platea and 
cuts. 1 voL 12mo, cloth $1 25 

THE EIiEMENTS OF DRAWING. In Three Lettdrs to 
Beginners. With illustrations drawn by the author. 1 yoL 
12mo, cloth. $1 00 

THE EIiEMENTS OF PERSPECTIVE. Arranged for the 
use of Schools. 1 yoL 12mo, cloth. $1 00 

B POLITICAIi EOONOMT OF ART. 1 yoL 12mo, 
doth. $1 00 

PRE-RAPHAEIilTISM. 



NOTES ON THE OONSTRUOTION OF 
SHEEPFOLDS. 



1 Yol. 12mo, 
^ doth, $1 00 



EING OF THE GOLEEN RIVBR; or, The 
Black Brothers. A Legend of Stlria. 

8ESAME AND LIUES. Three Lectures on Books, Women, 
&c. 1. Of Kinga' Treaauriea. 2. Of Queens' Gaidena. 3. 
Of the Mystery of Life. 1 vol. 12mo, cloth $1 50 

AN INQUIRY INTO SOME OF THE OONDITIONS AT 
PRESENT AFFEOTING "THE STUDY OF AR- 
CHITEOTURE" IN OUR SCHOOLS. 1 yoI. 12mo, 
paper. $0 15 

THE ETHIOS OF THE DUST. Ten Lectures to Little 
Housewiyes, on the Elementa of Crystallization. 1 yoL 
12mo, cloth. $1 25 

« XJNTO THIS LAST." Four Essays on the First Prindples of 
Politioal Eoonomy. 1 yoL 12mo, doth $1 00 
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" TIME AND TIDB BY WEARE AND TYNB. Twenty- 

fíve Letters to a Woikingman ou the Laws oí Work. 1 yol. 
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^^ THE QUEEN OF THE AIR. Being a Study oí tho Greek 

Mjtths o£ Cloud and Storm. 1 vol. 12mo, clotli |1 OC 

' LECTURES ON ART. 1 vol. 12ino, cloth 100 

* FORS CLAVIGERA. Letters to the Workmen and Labouren 
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^' FORS CLAVIGERA. Letters to the Workmen and Labourera 

of Great Britain. Part 2. 1 vol. 12mo, cloth, platos, $1 00 

MUÑERA PULVERIS. Siz Essays on the Elementa of 
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^ ARATRA FENTELICI. Six Lecturea on tho Elementa of 
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** THE EAGLE'S NEST. Ten Lecturea on the relatií«n of 

Natural Science to Art. 1 ToL 12mo $1 50 

*« THE POETRT OF AROHITECTÜRE : Villa and Cottage. 

With numeroua plate& By Kata Phusin. 1 vol. 12mo, 
cloth. $150 

Kato Phuslii Is the Rupposed Nom de Plume of John Ruskin. 

M FORS CLAVIGERA. Letters to the Workmen and Laboren 

of great Britain. Part 3. 1 vol. 12mo, cloth 

*^ IiOVES MEINE. Lectures on Greek and EngUsh Birds. By 

John Ruakin. Platea, cloth ; $0 75 

*« ARIADNE FLORENTINA. Lectures on Wood and Metal 

Engraving. By John Ruakin. Cloth $1 00 

M FRONDES AGRESTES, AND MORNINGS IN FLOR- 

ENCE. 12mo, cloth $1 00 

THE TRUE AND THE BEAUTIFUL IN NATURE. 

ART, MORALS, AND RELIGIÓN. Selected from the 

Works of John Ruskin, A.M. With a notice of the author by 

Mrs. L. O. TuthilL ForU-ait. 1 vol. 12mo, cloth, plain, 

$2.00 ; cloth extra, gilt head $2 6v 

** ART CULTURE. Consisting of the Lawf of Art selected from 

the Works of John Ruskin, and compiled by Rev. W. H 
Platt. A beautiful volume, with many illustrations. 1 voL 
12mo, cloth, extra gilt head $3 00 

'* Po. Do. School edition. 1 vol. 12mo, plates, cloth.. |2 50 

PRECIOUS THOUGHTS: Moral and Religious. Gathered 
from the Works of John Ruskin, A.M. By Mrs. L. O. 
Tuthill. 1 vol. 12mo, cloth, plain, $1.50. Extra cloth, 
gilt head $2 00 

*^ 8ELECTIONS FROM THE WRITINGS OF JOHN 
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RUSKIN'S BEAUTIES. 
THE TRUE AND BEAUTIFUL *] 
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i€ 



éUHÍi WELKY A SON'S LIST OF PUBLICAT10N8. 15 

RUSKIN'S POPULAR VOLUMES. 

RUSKIN . CHOWN OF WILD OLIVE. SBSAME AND LILIE& 

QUEEN OF THE AIR. ETHIOS OF THE DUST. 
4 voli. in box, doth extra, gilt head. $0 00 

RUSKIN'S WORKS. 

*' VoL 1.— SESAME AND ULIES. Thiee Lectoras. By Johs 

Ruskin, LL.D. 1. Of King's Treasoriea. 2. Oí Queena' 
Gardens. 3. Of the Mjstery of Life. 1 yoL 8ro, cloth. 
$2.00. Larpre paper $2 5(1 

'^ VoL 2.— MUÑERA PULVERia Six I^saya on the Elementa 

of Political Eoonomy. Bj John Buakin. 1 Yolume 8yo, 

cloth. $2 00 
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'^ Vol. 3.— ARATRA PENTEUOL Six Lcctures on the Fie 

menta of Sculptnre, giyen before the University of Oxforu 

By John Buakin. 1 tqI. 8to $4 00 

Large paper. 4 5C 

RUSKIN-COMPLETE WORKS. 

Vhe Complete Works op Joiin Buskin. 30 yola., extra cloth, in a box. .|44 00 

Ditto 30 vola., extra cloth. ríales.,. 52 00 
Ditto Bound in 20 vola., half calf. do 78 00 

SHIP-BUILDINC, &c. 
BOURNF. A TREATIBFi ON THE 8CREW FROPELLER, 80REW 

VES8ELS, AND BOREW ENGINES, aa adapted fox 
Purposes of Pcace and War. lUustrated by numeroua wood< 
cuta and engravings. By John Boume. New edition. 1867. 
1 voL 4to, cloth, $18.00; half rnsiaia $24 00 

WATT& RANSINE (W. J. M.) AND OTHERB. Ship-BuUding, Theo- 

retical and Practicál, consisting of the Hydraulica of Ship- 
Buüding, or Buoyancy, Stability, Speed and Deaign-^The 
Oeometry of Ship-Buiíding, or Modelling, Drawing, and 
Laying Off — Strength of Materials as applied to Ship-Buildir^ 
— Practicál Ship-Building — Masts, Sails, and Rigging — Marine 
Steam Engineering — Ship-Building for Purposes of War. By 
Isaac Watts, O.B., W. J. M. Rankine, C.B., Prederick K. 
Bivmes, James Bobert Napier, etc. Illustrated with numeroua 
fine engravings and woodcuts. Complete in 30 numbers, 
boards, $35.00; 1 voL foUo, cloth, $37.50; half rusaia, $40 00 

WILSON (T. D.) SHIP-BUILDING, THEORETICAL AND PRACTICÁL. 

In Five Di visions. —División I. Naval Architecture. II. Lay- 
ing Down and TaJdng off Ships. III. Ship-Building IV, 
Maats and Spar Making. V. Vocabulary of Terms imed — 
intended as a Text-Book and for Practicál Use in Public and 
Prívate Ship-Yards. By Theo. D. Wilsou, Assistant Naval 
Constructor, U. S. Navy ; Instructor of N»*val Construction, 
U. S. Naval Academy ; Member of l.hc- Im^titntion of Naval 
Architects, England. With nnmerous platea, lithog^aphic 
andwood. 1 vol. 8to. $7 50 

SOAP. 

MORFIT. A PRACTICÁL TREATISE ON THE MANUFACTURE 

OF BOAPS. With numeroua wood-cuts áhd elabórate work* 
ing drawinga. By Campbell Morfít^ M.D., F.C.S. 1 vol. 
8vo $20 00 

STEAM ENGINE. 
TROWBRIDCE. TABLES, WITH EXPLANATIONB, OF THE NON 

OONDENSING STATIONERY STEAM ENGINE, 
and of High-Pressure Steam Boilers. By Prof. W. P. TroTí 
brídge, of Tale CoUege Scientifío Sohool. 1 vol. 4ta 

platea .$2 6C 

*• HEAT AS A SOUROE OF POWER : with applicationa of 

general principies to the construction of Steam Generaton» 
An introduction to the study of Heat Engines. By W. P. 
Trowbridge, Prof, Shelfield Scientific School, Yale Oollega 
Profnaely illustrated. 1 vol. 8vo. cloth $A 60 
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RICF & JOHNSON. ELEMENTS OF THE DIFFERENTIAIi OALCULUS, 

f ounded on the Method of Bates or Fluxions. 8yo. 

WILSON. SHIF-BniIiDING, THEORETICAIi AND PRACTIOAL. 

By T. D. Wilson. (See page 15.) 8vo, doth $7.50 

TURNING, &c. 
THE LATHE, AND ITS USES, ETC. On Instnictions in the Art of Torning 

Wood and Metal. Including a description of the most modem 
appliances for the omamentation of plañe and carred surf aoeoL 
With a description, also, of an entirely novel form of Lathe 
for Eccentric and Rose Engine Tuming, a Lathe and Tuming 
Machine combined, and otíier yaluable matter relating to the 
Art 1 yoL Svo, copiously lllustrated, cloth $7 00 

•• SUPPLEMENT AND INDEX TO SAME. Paper. . .$0 90 

VENTILATION. 

LEEDS (L. W.). A TREATISE ON VENTILATION. Comprising Seven Leo- 
tares delivered before the Franklin Institute, showing the 
great want of improved methods of Ventilation in onr boild- 
ings, giving the chemicaJ and physiological process of res- 
piration, comparing the effects of the variouB methods oí 
heating and lighting npon the ventilation, <&c. Illustrated 
by many plans of all classes of public and prívate buildingA, 
Bhowing their present defects, and the best means of im- 
proving them. By Lewis W. Leeds. 1 vol. 8vo, with nu- 
meróos v7ood-cuts and colored plates. Cloth $2 60 

*' It onght to be in the hands of erery ffunily in the oonntay.*^ — Techtiologiaí. 

**Nothtiig oonld be cleorer than the anthor's exposition of the principie» of xhk. 
principlcH and proctioe of both good and bad ventilation.** — Van NoHtratui's 
Etigiiuering Magasáne. 

"The work is every way worthy of the wldeat ciitmlation/* — ScUniiflc Amencait^ 

reíd. VENTILATION IN AMERICAN DWELLING3. With a 

series of diagrams presenting esamples in different oiassee 
of habitations. By David Boswell Reid, M.D. To which if 
added an introductory outline of the progresa of improvement 
in ventilation. By Elisha Harris, M.D. 1 toL 12mo, $1 &% 
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